
Inkjet Ink Set and Inkjet Recording Method 

FifeLD.OF THE INVENTION 
The present invention relates to an Inkjet ink set 
arid an ink jet recording method, which ensure excellent 
durability of images under high-humidity conditions. 

BACKGROUND OF THE INVENTION 
Wil:h the recent popularization of computers, an 
Inkjet printer is widely used for printing letters or an 
iittage on paper, film, cloth or the like, ftot only at offices 
but also at homes. 

The inkjet irecording method includes a system of 
jetting out a liquid droplet by applying-^ pressure using a 
pie2oelect.;ic element, a systeiti of ...jetting out. a .liquid 
: droplet fay. generating a bubble in an :±nk under, .heat, a 
system of using an ultrasonic wave, and a system bf 
ejecting a liquid droplet by drawing with ah electrostatic 
force. The ink composition used for such ink jet - recording 
includes an aqueous ink, an oily ink and a solid (fusion- . 
type) ink. Among these inks, the aqueous ink becomes 
mainstream in view of production, handleability, odor, 
safety and the like. . , 

The coloring agent used in sucfi an ink for Inkjet 
recording- method is required to have hf gh solubility in a 
solvent, enable high-density recording, provide good color 
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hue, exhibit excellent fastness to light, h^at, air, water 
and chemicals, ensure good fixing property and less 
bleeding on an iniage-^recelving inaterial, provide an ink 
having excellent storability, show no toxicity, have high 
purity, and be available at a low cost. However, it is 

very difficult to find out a 

out a coloring agent satisfying 

these requirements in a high level. 

various dyes and pig„,ents for Inkjet recording- rri^thod 
h^ve b^en already proposed and actually used, however, a 
coloring agent satisfyin^^ r.guir^ents is not yet found 
out at present. Conventionally well-known -dyes and- 
i^lgifi^nts having a -Colour Index - (C.I., numbex'-can hardly 
satisfy both color hue- and fa.tness regui-red of .>the. ink for 
Inkjet recording method. • Heretofore, various- studies : ha^e 
be^n .ade on. dy.s- having good color -hue and- fastness with • 

atte..pt to develop a dye .^cell.nt as. the coloring ageht 
for Inkjet recording .ethod. However, in a compound called 
a water-soluble dye, a water-solubl. group is necessarily 
substituted. «hen the hurnb^r of water-soluble groups is 
increased so as to improve the stability of ink, it has 
been found to cause a probl^ m that the formed image 
readily bleeds under high-humidity conditions. 

The present inventors have f ouAd that a betaine 
compound i. effective for solving the bleeding phenomenon. 

However, it is revealed that when a betaine compound 
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is used in an ink set comprising dark and light inks having 
the same color hue, a sufficiently high effect of 
restraining the bleeding cannot be obtained unless the 
concentration of betaine compound in each ink is controlled. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide an 

f 

Inkjet ink set and an Inkjet recording method, where the 
image formed less bleeds even under high-humidity 
conditions . 

Other objects of the present invention will become 
apparent from the following description! 

The objects of the present invention can be attained- • 
by thfe Inkjet ink set and: the Inkjet recording method 
described in. the ..following items 1 to 5. . . • - • • .. 

1) An Inkjet . .ink set comprising at least two 
Inkjet infeg haying the same color hue but. different dye 
concentration and each comprising water, a water-soluble 
organic solvents a dye and a betain4 compound, wherein " 
concfehtration of the betaine compound in an ink having a 
highest dye concentration is higher than that in an ink 
having a lowest dye concentration. 

2) The ink set as described in 1), wherein at 
least one of the betaine compourfds is a compound 
represented by the following formula (1): 

(R)p-N-lL-(C00M)q]r (1) 
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wheirein R represents a hydrogen atom, an alkyl group, an 
aryl group or a heterocyclic group? L represents a divalent 
linking group; m represents a hydrogen atbm, an alkali 
metal atora, an aiiiinonium group, a pr&tonated organic amine 
or nitrogen-containing heterocyclic group or a quaternary 
ammonium^ ion group> provided that when the COOM forms a 
counter ion (COQ-) to an azmiiohiuni ion formed by the N atom 
(protonated ammonium atom {=^N*^) ) in the forrhula, M is not 
present; q represents an integer of 1 or more; r represents 
an integer of 1 to 4; p represents an integer of 0 to 4, 
provided that, p+r is 3 or 4; when p+x is 4, the N. atom 
forms a protonated aminoriium atom (=N*^) ; when q is 2 or 
• more, GODMs may be the same or different; when r is 2 or 
inorfev L-(CO0M),g may be the same or different; and when p 
is 2 or inore; Rd may be the same or different. . . 

3) rThe ink set as described in i) or 2), wherein 
among the inks having the same color hue, the concentration 
of the betaine compound increases with increase in the dye 
concentration. 

4) The Inkjet ink set as described in any one of 
1) to 3), wherein the betaine compound is a betaine-base 
surfactant. 

5) The ink set as described in 1) or 3), wherein 
the betaine compound is . a c&mpound having both a cationic 
site and an anionic site in the molecule thereof. 
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6) The ink set as described in 5), wherein the 
cationic site is at least one member selected from an 
aminic nitrogen atoin^ a nitrogen atom of a heteroardmatic 
ririg> a boron atom having 4 bonds to carbon aiid a 
phosphoric atom and the anionic site is at least one member 
selected from a hydroxyl group, a thio group; a sulf onamido 
group, a sulfo group^ a carboxyl group, an imido group, a 
phosphoric acid group and a phosphonic acid group. 

7) The ink set as described in any one of 1) to 6), 
wherein the dye is a dye having an oxidation potential more 
positive then 1.0 V (vs SCE) , . , 

8) The ink' set as- described in any one of : 1). to 7), 
wherein the dye ds a dye having at least two heterocyclic 
groups- . . • , - ... . . 

9) The. -.ink: set as described in 8), wherein, at 
least one of the heterocyclic groups is a 5-membered or 6- 
memberfed heterocyclic group containing at least one hetero 
atom selected from a nitrogen atom, an oxygen atom and a 
sulfur atom. 

IQ) The ink set as described in 9) , wherein the 
heterocyclic group contains at least one heterocyclic ring 
selected from pyridine, thiophene, thiazole, benzbthiazole^ 
benzoxazole and fur an. ' 

11) An Inkjet recording method comprising recording 
an image by an Inkjet printer using the ink set described 



in any one of 1) to 10) . 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is cJescribed in detail below. 

The ink. for use in the Inkjet ink set of the present 
invention comprises water, a water-soluble organic solvent/ 
a dye and a betaine compound. 

The term ^^betaine compound" as used herein means a 
compound* having both a cationic site and aii anionic site in 
the molecule thereof. Among these compounds, a compound 
having surface activity is preferred. Examples of the 
cationic site include an aminic nitrogen atom, a nitrogen 
atom of a heteroaromatic. ring, a boron atom having 4 bondfe 
to. carbon, and a phosphoric .-.atom. Among these> preferred 
are an aminic nitrogen atom and a nitrogen atom of a 
heteroaromatic ring, more preferred • is- a quaternary 
nitrogen atom. Examples of the anionic site include a 
hydrdxyl group^ a thio group, a sulfonamide group, a sulfo 
group/ a carboxyl group, an imido group, a phosphoric acid 
group and a phosphonic acid group. Among these, preferred 
aire a carboxyl group and a sulfo group- The electric 
charge of the surfactant molecule as a whole may be 
cationic, anionic or neutral but is preferably neutral. 

The betaine compound is preferably a compound 
represented by formula (1) . 

In formula (1), R represents a hydrogen atom, an 
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alkyl group, an aryl group or a hetexocyclic group; L 
represents a divalent linking group; H represents a 
hydrogen atbjn, an alkali metal atom, an animonium group, a 
protohated organic amine or nitrogen-containing hetero- 
cyclic group or a quaternary ammonium ion group, provided 
that when the COOM forms a counter ion (COO") to an 
aiiraionimi^ ion formed by the N atom (protonated ammoniuin atom 
<=^N*=) ) 4h the formula, M is iibt present; q represents an 
integer of 1 or more; r represents an integer of 1 to 4; p 
represents ah integer of 0 to 4, provided that p+r is 3 or 
4; when p+r is 4> the N ^itom becomes • a protonated ammonium 
atom (^N^^^); when q is 2 or inore, COOMs may be the same or 
• - different; when r-is 2 or more, : L- (COOM) qS .may be the same 
or different; and wben p is 2 or more, .Rs" .may be the, same 
. or. different • . . , , 

Among the compounds represented by formula (1), the 
betaine coiripbund for use in the present invention is more 
preferably a compound represented by the following formula 
(2) or (3). 




(2) 



In formula (2), to R3 each represent an alkyl 
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group (which may be substituted; preferably an alkyl group 
having from 1 to 20 carbon atoms, e.g.^ methyl, ethyl, 
propyl, butyl, hexyl, octyl, dodecyl, cetyl, stearyl, 
oleyl) , an aryl ^roup (which may be substituted; preferably 
an aryl group having from 6 to 20 carbon atoms, e.g., 
phenyl, tolyl, xylyl, naphthyl, cumyl, dodecylphenyl). or a 
heterocyclic group (which may be substituted; preferably a 
heterocyclic group having from 2 to 20 carbon atoms, e.g., 
pyridyl> quinolyl), or Ri to R3 may combine with each other 
to form a cyclic structure. to R3 each preferably 

represent an alkyl group. L represents a divalent . linking 
giroup. L is preferably a divalent linking group containing 
an alkylene group or an arylene group as. a fundamental- 
constituent- unit. - . In the linking .main ; chain -. part, a . 
heteroatom such as oxygen atom, sulfur atom and < nitrogen 
atom may be contained. Ri to R3 and . L each may be 
siobstituted by various substituents. Examples of the 
substituent include an alkyl group (preferably having from 
1 to 20 carbon atoms, more preferably from 1 to 12 carbon 
atoms, still more preferably from 1 to 8 carbon atoms, e;g,, 
methyl, ethyl, isopropyl, tert -butyl, n-octyl, n-decyl, n- 
hexadecyl, cyclopropyl, cyclopentyl, cyclohexyl) , an 
aikenyi group (preferably having from 2' to 20 carbon atoms, 
more preferably from 2 to 12 carbon atoms, still more 
preferably from 2 to 8 carbon atoms, e.g., vinyl, allyl, 2- 
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butehyl, 3-pentenyl), an alkynyl group (preferably having 
from 2 to 20 carbon atoms ^ more preferably from 2 to 12 
carbon atoms, still more preferably from 2 to 8 carbon 
atoms, e.g., propargyl, 3^pentynyl) , an aryl group 
(preferably having from 6 to . 30 carbon atoms, moris 
preferably from 6 to 20 carbon atoms, still more preferably 
from 6 to 12 carbon atoms, e.g., phenyl, p-jnethylpheny 1 , 
naphthyl*) , an amino group (preferably having from 0 to 20 
carbon atoms, more preferably from 0 to 12 carbon atoms, 
still more prefeirably from 0 to 6 carbon atoms/ e.g., ainiho, 
me^thylaihino,. dimethylamino, diethylamino, dipbenylamino, 
dibenzylamino) , an alkoxy group (preferably having from 1 
to 20 carbon atoms, -more . preferably from 1 to 12 carbon 
atoms, still more , preferably from 1 to 8 carbon atoms; e.g.; 
methoxy, ethoxy, butoxy.) , an aryloxy group (preferably- 
having from 6 to 20 carbon atoms, more preferably from 6 to 
16 carbon atoms, still more preferably from 6 to 12 carbon 
atoms, e-g-; phenylpxy, 2--naphthyloxy) , an acyl group 
(preferably having from 1 to 20 carbon atoms, more 
preferably from 1 to 16 carbon atoms, still more preferably 
from 1 to 12 carbon atoms, e.g., acetyl, benzoyl, formyl, 
pivaloyl) , an alkoxycarbonyl group (preferably having from 
2 to 20 carbon atoms, more preferably * from 2 to 16 carbon 
atoms, still more preferably from 2 ^to 12 carbon atoms, 
e.g., methoxycarbonyl , ethoxycarbonyl ) , an aryloxycarbonyl 
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group (preferably having from 7 to 20 carbon atoms ^ more 
preferably from 7 to 16 carbon atoms, still more preferably 
from 7 to 10 carbon atoms, e.g.^ pheftyloxycarbonyl ) , an 
acyloxy group (preferably having from 2 to 20 carbon atoms, 
more preferably from 2 to 16 carbon atoms, still more 
preferably from 2 to 10 carbon atoms, e.g., acetoxy, 
benzoyloxy) , an acylamino group (preferably having from 2 
to 20 carbon atoms, more preferably from 2 to 16 carbon 
atoms, still more preferably from 2 to 10 carbon atoms, 
e - g- , acetylamino, beinzoylamino) , ah alkoxycarbonylaihino 
group (preferably having from 2 to 20 carbon atoms, more 
preferably firom 2 to 16 carbon atoms,;, still more preferably, 
from. 2 to 12 carbon atoms, e.g. , methoxycarbonylamino) , • an 
aryloxycarbonylamino group (preferably having from 7 to' 20 
carbon atoms,., mor-e preferably from 7 . to 16 carbon atoms, 
still morJe preferably from 7 to 12 carbon atoms, e.g., 
phenyl oxycarbonylamino) , a sulf onylamino group (preferably 
having from 1 to 20 carbon atoms, more preferably from 1 to 
16 carbon atoms, still more preferably from 1 to 12 carbon 
atoms, e.g., methanesulf onyiamino, benzenesulf onylamino) , a 
sulfamoyl group (preferably having from 0 to 20 carbon 
atoms, more preferably from 0 to 16 carbon atoms, still 
more preferably from 0 to 12 carbon atoms, e.g., sulfamoyl, 
methyl sulfamoyl, dimethylsulfamoyl, phenylsulfamoyl) , a 
carbamoyl group (preferably having from 1 to 20 carbon 
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atoms, more preferably from 1 to 16 carbon atoms, still 
more preferably from 1 to 12 carbon atoms, e.g., carbamoyl, 
methyl carbamoyl, diethylcarbamoyl, phenylcarbamoyl) , an 
alkylthio group (preferably having from 1 to 20 carbon 
atoms, more preferably from 1 to 16 carbon atoms, still 
more preferably from 1 to 12 carbon atoms, e.g., methylthio^ 
ethylthio) , an airylthio group (preferably having from 6 to 
20 carbon atoms, more preferably from 6 to 16 carbon atoms, 
still more preferably from 6 to 12 carbon atoms, e.g., 
ph^nylthio) , a sulf onyl group (preferably having from 1 to 
.20 carbon atoms,, more prefeirably from 1 to 16 carbon atoms, 
still more- preferably from 1 to 12. carbon atoms> e.g., 
mesyl,- tosyl);.! a. sulfinyl group (preferably having .from' 1 
to 20 carbon. atXDms,. more preferably: from 1 to 1 6-^ .carbon* 
atomsi still more preferably, from 1 to 12 carbon,: atoms, 
e.g.^ methanesulf inyl, behzenesulf inyl) , a ureido group 
(preferably having from 1 to 20 carbon atoms, more 
preferably from 1 to 16 carbon atoms, still more preferably 
from i to 12 carbon atoms, e.g., ureido, methylureido, 
phenylureido) , a phosphoric acid amido group (preferably 
having from 1 to 20 carbon atoms, more preferably from 1 to 
16 carbon atoms, still more preferably from 1 to 12 carbon 
atoms, e.g., diethylphosphoric acid amado, phenylphosphoric 
acid amido), a hydroxy group^ a merca^to group, a halogen 
atom (e.g., fluorine, chlorine, bromine, iodine), a cyano 
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group, a sulfo group, a carboxyl group, a nitro group, a 
hydroxamic acid group, a sulfino group, a hydrazino group, 
an imino group, a heterocyclic group (preferably having 
from 1 to 30 carbon atoms,- more preferably from 1 to 12 
carbon atoms, and containing a h^tero atom, for example, a 
nitrogen atom, an oxygen atom or a sulfur atom, e.g., 
imidazolyl, pyridyl, quiiiolyl, furyl, thienyl, piperidyl, 
morpholiho, benzoxazolyl, benzimidazolyl, benzothiazolyl, 
carbazolyl, azepinyl) and a silyl group (preferably having 
froiti 3 to 40 carbon atoms, more preferably from 3 to 30 
carbon atoms, still more preferably from 3. to 24- carbon- 
atoms, trimethylsilyl, triphenylsilyl) . These- 

substituehts- each may be further substituted-. When- two or* 
more subsi^ituenits are present, these may. *be" the -same- or 
different and if possible, these substituents may combine 
with each other to form a ring. Also, a plurality of 
betaine structures may be contained through Ri, R2, R3 or L. 

in the compound represented by formula (2) for use in 
the jsreseiit invention, at least one of Ri to R3 and L 
preferably contains a group having 8 or more carbon atoms. 
In particular, Ri, R2 or R3 preferably contains a long-chain 
alkyl group. 

(.R)p-N-tL-{CO0M^)q]r * (3) 

wherein R, L, q, r and p have, the ^ame meanings as in 
formula (1), represents an- alkali metal ion or a 
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hydrogen atom, provided that p+r is 3, and when p is 2 or 
more, Rs may be the same or different. 

Formulae (ij and (3) are described in more detail 

below. 

In the formulae, R represents an alkyl group (which 
may b^ substituted; preferably an alkyl group having from 1 
to 20 carbon atoms, e.g., methyl, ethyl, propyl, butyl, 
hexyl, ofctyl, dod^cyl, cetyl, stearyl, oleyl) , an aryl 
group (which may be substituted; preferably an aryl group 
having from 6 to 20 carbon atbms, e-g-, phenyl, tolyl, 
^ylylf naphthyl, cumyl, dodecylphenyl) . or a heterocyclic 
group (which may h& substituted; preferably a heterocyclic 
group having . from 2 to 20 carbon atoms; e.g., pyridyl, ■ 
quinolyl) ahd Rs .may combine- with eaoh- other to form* a 
cyclic structure- R is preferably aii alkyl group. - - , 

L represents a divalent or greater valent linking 
group. L is preferably a divalent or higher valent linking 
group contaiiiiing an alkylehe group, an arylene group or the 
like as a fundamental constituent unit. In the linking 
main chain part, a heteroatom such as oxygen atom, sulfur 
atom and nitrogen atom may be contained. 

R and L each may be substituted by various 
substituents. Examples of the substituent include an alkyl 
group (preferably having from 1 to 20 ^carbon atoms, more 
preferably froiti 1 to 12 carbon atoms, still more preferably 
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froin 1 to 8 carbon atoms, e.g.^ methyl, ethyl, iso-propyl^ 
tert^butyl, n-octyl, n-decyl, n-hexadecyl, cyclopropyl^ 
cyclbpentyl, cyclohexyl), an alkenyl group (preferably 
having from 2 to 20 carbon atoms, more preferably from 2 to 
12 carbon atoms, still more preferably from 2 to 8 carbon 
atoms, e.g., vinyl, allyl, 2-butenyl, 3-pentenyl) , an 
alkynyl group (preferably having from 2 to 20 carbon atoms, 
more preferably from 2 to 12 carbon atoms, still more 
preferably from 2 to 8 carbon atornis, e.g., propargyl, 3- 
pentynyl), an aryl group (preferably having fjrom 6 to 30 
carbon atoms, .more preferably from 6 to 20 carbon- atoitis, 
still more » -preferably f rom 6 to 12 carbon atoms, . e. g. , 
phenyl,.- p-methy.lphenyl , naphthyl) ; an amino. : ..group- 
(preferably' having from 0 to 20 carbon atomsr:* more, 
preferably, from, 0 : to 12 carbon atoms, still more preferably 
from 0 to 6 carbon atoms, e.g., amino, methylamino, 
dimethylamino, diethylamino, diphenylainino, dib^nzylamind) , 
an alkoxy group (preferably having from 1 to 20 carbon 
atoms> more preferably from 1 to 12 carbon atoms> still 
more preferably from 1 to 8 carbon atoms, e.g., methoxy, 
ethoxy, butoxy) , an aryloxy group (preferably having from 6 
to 20 carbon atoms, more preferably from 6 to 16 carbon 
atoms, still more preferably from 6 to 12 carbon atoms, 
e.g., phenyloxy, 2-naphthyloxy) , an ac^^l group (preferably 
having from 1 to 20 carbon atoms, more preferably from 1 to 
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16 carbon atoms, still more preferably from 1 to 12 carbon 
atoms, e.g., acetyl, benzoyl, formyl, pivaloyl), an 
alkoxycarbonyl group (preferably having from 2 to 20 carbon 
atoms, more preferably from 2 to 16 carbon atoms, still 
more preferably from 2 to 12 carbon atoms, e.g., 
methoxycarbonyl, ethoxycarbonyl) ^ an aryloxycarbonyl group 
(preferably having from 7 to 20 carbon atoms, more 
preferabl'y froin 7 to 16 carbon atoms, still more preferably 
from 7 to 10 carbon atoms, e.g. / phenyloxycarbonyl) , an 
acyloxy group (preferably having from 2 to 20 carbon atoms, 
more preferably from 2 to 16 carbon atoms, still more 
preferably from 2 to 10 carbon atoms, e.g.^ . acetoxy, 
benzoyl oxy ) / an acylamino- group (preferably having from. 2 
to 20 carbon atoms, , more pareferably from 2 to * 16 carbon 
atoms, still more preferably from 2 to 10 carbon a1:oms, : 
e.g., acetylamino, benzoylamino) , an alkoxycarbonylamino 
group (preferably having from 2. to 20 carbon atoms, more 
preferably from 2 to 16 carbon atoms, still more preferably 
from 2 to 12 carbon atoms, e.g., methoxycarbohylamino) , an 
airyloxycarbonylamino group (preferably having from 7 to 20 
carbon atoms, more preferably from 7 to 16 carbon atoms, 
still more preferably from 7 to 12 carbon atoms, e.g., 
phenyloxycarbonylamino) , a sulfonylamino group (preferably 
having from 1 to 20 carbon atoms, more preferably from 1 to 
16 carbon atoms, still more preferably from 1 to 12 carbon 
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atoiris, e.g. ^ methane^ulf onylainino^ benzenesulf ohylamino) , a 
sulfainoyl group (preferably having from 0 to 20 carbon 
atoms ^ more preferably from 0 to 16 cat-bon atoms, still 
ihore preferably from 0 to 12 carbon atoms, e.g., sulfamoyl^ 
methylsulfamoyl, dimethylsulfamoyl, phenylsulfamoyl) , a 
carbamoyl group (preferably having from 1 to 20 carbon 
atoms, more preferably from 1 to 16 carbon atoms, still 
more preferably from 1 to 12 carbon atoms, e.g., carbambyl> 
methylcarbamoyl, diethylcarbamoyl^ phenyl carbamoyl) , an 
alkylthio group (preferably having froicd 1 to 20 carbon 
atoms, more preferably from 1 to 16 carbon atoms,- still 
more, preferably from 1 to 12 carbon atoms, e.g., methylthio, 
ethylthio) , an arylthio. group (preferably . having from 6 to 
20 carbon aEtoms, more preferably from 6 to:, 16 carbon atoms, 
still more preferably from 6 to IZ • .carbon . atoms> e . g . , 
phenyl thio ) , a sulfonyl group {preferably having from 1 to 
20 carbon atoms^ more preferably from 1 to 16 carbon atoms, 
still more preferably from X to 12 carbon atoms, e.g., 
mesyl, tosyl) , a sulfinyl group (e>referably having from 1 
to 20 carbon atoms, more preferably from 1 to 16 carbon 
atoms, still more preferably from 1 to 12 carbon atoms, 
e.g., methane sulfinyl, benzenesulf inyl) , a ureido group 
(preferably having from 1 to 20 carbon atoms, more 
preferably from 1 to 16 carbon atoms, still more preferably 
from 1 to 12 carbon atoms, e.g., ureido, methylureido, 
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phenylureido) > a phosphoric acid amido group (preferably 
having from 1 to 20 carbon atoms, more preferably from 1 to 
16 carbon atoms, still more preferably from 1 to 12 carbon 
atoms, e.g., diethylphosphoric acid amido, phenylphosphoric 
acid amido) , a hydroxy group, a mercapto group, a halogen 
atom (e.g., fluorine, chlorine, bromine, iodine), a cyano 
group, a sulfo group, a carboxyl group^ a nitro group, a 
hydroxami'c acid group, a sulfino group, a hydrazine group, 
an imino group, a heterocyclic group (preferably having 
from 1 to 30 carbon atoms, more preferably from 1 to 12 
carbon atoms-, and containing a heteroatom, for example;, a 
nitrogen atom,-: .an oxygen atom or a sulfur atom; . e.g: , 
imidazolyl, pyridyl, guinolyl, furyl/- thienyl^ piperidyl, 
morpihblino, ' benTOxa20ly3|., benzimidazoiyl, * benzothiazolyl^ 
carbazolyl,. azepinyl) and a silyl group (preferably having 
from 3 to 40 carbon atoms, more preferably from 3 to 30 
carboii atoms, still more prreferably from 3 to 24 carbon 
atoms, e.g., trimethylsilyl, triphenylsilyl) . These 
substituehts each may be further substituted. When two or 
more substituents are present, these may be the same or 
different and if possible, these substituents may combine 
with each other to form a ring. Also, a plurality of 
betaine structures may be contained through R or L. 

M represents a hydrogen atom, an ^alkali metal cation 
(e^g.,. sodium ion, potassium ion, lithium ion, cesium ion). 
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an ammonium ion or an aminic organic cation (in the case of 
a prjLmary> secondary or tertiary amine, it is a protonated 
amine, for example, protonated methylamine, dimethylamine, 
ethylamine, diethylamine, triethylamine, 

diazabicycloundecene, diazabicyclooctane, piperidine, 
pyrrolidine, morpholine, N-methylpiperidine, N-methyl 
morpholine, pyridine, pyrazine^^ aniline or N^N-dimethyl- 
aniline; 'in the case of a quaternary ammonium salt, it is, 
for' example, tetramethylaitimonium ion, tetraethyl€mimonium 
ion, trimethylbenzylanunonium ion, methylpyridinium ioh or 
benzylpyridinitim ion) ^ M is preferably an alkali irietal ion 
or a hydrogen a torn . 

q represents an.- integer of 1 or more (preferably 5, or 
less, more .'preferably 2 or less) , r represents en integer 
of 1 to 4 (preferably. 1 or- 2>; • p represents an integer of. 0 
to 4: (preferably 1 or 2) , and p-fr is 3 or 4. When p+r is 4, 
the N atom forms a quaternary amznonium cation aiid one of Ms 
becomes an anion in the dissociated state. When q ifs 2 or 
more, GQOMs may be the same or different. When r is 2 or 
more L-(COOM)qS may be the same or different ♦ When p is 2 
or more, Rs may be the same or different. 

Furthermore, R or L preferably contains a hydrocarbon 
group having 8 or more carbon atoms. 'Among the compounds 
represented by formula (3), most preferred is a compound' 
represented by the following formula (4): 
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R-N-(L-COOM)2 (4) 
wherein R and L have the same meanings as above and two (L- 
COOM)s may be the same or different (two Ls or two Ms may 
be the same or different) . R is preferably an alkyl group 
and L is preferably ail alkylene group. 

Preferred examples of the betalne compound are set 
forth below, however/ the present invention is not limited 
thereto- ' 
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X1-7 
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C12H25-N-CH2COO® 
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XM3 CH3 C8H„ 

I / 

N-CHCOO ® 

X1-i4 C4Ha GgHiT 

C4H9— N-CHCbO ® 
C4H9 

C4H9— N-CHCOp ® 
C4H, 
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C4H9^C,4H29 

C4H9'-%I-CHC60 ® 

I 
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CH3 COO 
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X1-26 



X1-27 



CHa COO® 

W-CH 

i *■ 



CyHisCONHCaHe-N-CHjGOO* 

CH3 



CH 

CsHiTCONHCaHfi-^ri-CHzCOO* 



X1-28 



X1-29 



Xl^ii 



Xl^l 



Xl^2 



CH3 



C^HaaCOJNHC^He^-CHaCOO® 

CH3 



CH3 

CiiH^TCONHCjHe^-CHjCOO® 

CH, 



CH3 

CisHs^CONHCsHe-N-CHzCOO^ 

CH3 



C17HS5CONHC3H6-N-CH2COO® 

CH3 



9H3 



CH3 



CiTHsiCONHCaHe-fi-CHzCOO® 

CH3 
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(n)Ci6H33~jf-CH2CH-CH2S03 
CH3 OH 



CH3 

(n)Ci8H37-^f-CH2CH-CH2SO? 
CH3 OH 
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/„5C H M-CH^COdNa 



fniC H ^^CH,COPK 
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(n)C,H„ 

J^N-CHzCOOH 
(n)C8Hi7 



*^N-CH2COOH 



\;^N--CH2COOH 
(n)C,4H^ 



'^N-CHjCOOH 



^N'^COOH 



N^COOH 



NHSO2C12H25 
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X2-17 



X2-19 





OH 
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HOOCHjC^ ^CHgCOOH 
HOOCH2C^^"^*"<'^'*'^CH2COOH 



NaOOCHjC^ ^CHgCOONa 



NaOOCHaC^ ^CHaCOONa 



NaOdCHsC^ ^CHzCOONa 



KOOCHaC^ ^CHzCOOK 
HOOCH*C''''''^^*"*^"-CH2COOH 



^CHgCOONa 
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The betaine compound may be added in any amount as 
long as the effect of the present invention is provided^ 
however, the amount of the betaine compound added is 
preferably from 0.001 to 50 wt%^ more preferably from 0.01 
to 20 wt%, in the ink composition- In the ink set 
comprising at least two inks having the same color hue but 
different dye concentration, the concentration of the 
betaine * compound in an ink having a highest dye 
concentration must be higher than that in an ink having a 
lowest dye concentration. The concentration of the betaine 
compound preferably increases with increase in the 
concentration of the dye contained in the ink among the ink 
set. That is, it is preferred that as. the dye 
concentration is higher, the betaine compound content is 
higher in the ink constituting the ink. set. 

Assuming that the dye concentrations of two inks A 
and B are Da and Db (Da>Db) , respectively, and the betaine 
compound concentrations are Va and Vb {Va>Vb) , respectively, 
k in Da/Db=k(Va/Vb) is preferably from 0.1 to 10. 

The ink for use in the ink set of the present 
invention is an ink obtained by dissolving or dispersing a 
dye in water and a water-soluble organic solvent. An 
aqueous solution-type ink using a water-soluble dye is 
particularly preferred. In the ink set,^ the ink containing 
the betaine compound may have any color. 
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When the betaine compound according to the present 
invention is used, bubbles may be sometimes generated in 
the ink. Such bubbles give rise to the printing defect at 
the inkjet recording. Such a problem can be overcome by 
adding a compound having an action of eliminating bubbles 
(defoaming agent) to the ink. 

Various defoaming agents such as pluronic defoaming 
agent (polyoxyethylene-polyoxypropylene type defoaming 
agerit) and silicone-type defoaming agent can be used. 

As the water-soluble dye, dyes such as magenta dyes 
described in JP-A-2002-37121-4 {the term* ^VP-A'' as used 
herein means an ^".unexamined published Japanese patent 
application"}^ phthalocyaniiie dyes described in JP-A--2002~ 
309118> and water-soluble phthalocyanine :dyes described .in • 
.JP-A-2003-12952 and JP-A-2003-1295 6 are preferably used. 
Furthermore, the following yellow dyes and black dyes are 
also preferred • 

The yellow dye useful for the present invention is 
described in detail below. 

A risf lection density after printing an ink on a 
reflective medium is measured through a Status A filter 
{for example, X-rite 310TR Densitometer) and one point 
having a reflection density (Db) of o\ 90 to 1-10 in the 
yellow region is defined as the initials density of the ink. 
Then, the printed matter is enforcedly discolored by using 
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an ozone discoloration tester capable of always generating 
5 ppfti of ozone and an accelerated fading rate constant (k) 
is determined according to (d.S^e"") from the time period 
(t) until the reflection density decreases to 80% of the 
initial density. The yellow dye used in one ink 
(composition) f6r use in the Inkjet recording method of the 
present invention is controlled to have the accelerated 
fading rate constant of 5.0x10"^ [hour"*] or less, 
preferably 3,0x10-^ [hour-^J or less, more preferably 
1.0x10-* thour"^] or less, in view of fastness and ozone gas 
resisitance. 

Also, the : yellow, dye is preferably a dye having an 
oxidation. potentiaL more positive than 1.0 V (vs SCE) more 
preferably more • positive than 1.1 V (vs SCE), and "most 
preferably more .-positive than 1.15 V (vs SCE). . As- for the 
type of this dye, an azo dye satisfying the above-described 
requirements is particularly preferred. 

The oxidation potential value (Eox) can be easily 
"measured, by one skilled in the art and the method therefor 
is described, for example, in P. Delahay, New Instrumental 
Methods in Electr ochemistry , Interscience Publishers (1054), 
A- J. Batd et al.. Electrochemical Methods , John Wiley & 
Sons (1980), and Akira Fujishima et al., Denklkaqaku 
Sokutei Ho (El ectrochemical Measurincp Methods) . Gihodo 
Shuppah Co., Ltd. (1984). 
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More specifically, a test sample is dissolved at a 
concentration of 1x10'^ to 1x10"^ inol/liter in a solvent 
such as dimethyl formamide or acetonitrile containing a 
supporting electrolyte such as sodium perchlorate or 
tetrapropylammonium perchlorate and the oxidation potential 
is measured as a value to SCE (saturated calomel electrode) 
by using a cyclic voltammetry. The value sometimes 
deviates 'on the order of several tens of millivolts due to 
the. effect of liquid junction potential, liquid resistance 
of sample solution, or the like, but reproducibility of the 
potential can be guaranteed by calibration using a standard 
sample (for example, hydroquinone) • 

in order to univocaliy specify the potential, in the 
present invention; a value : (vs SCE) - measured in a 
dimethylforraamide (concentration of dye: 0.001 mol dm"^) 
containing 0.1 mol dm'^ of tetrapropylammonium perchlorate 
as the Supporting electrolyte is used as the oxidation 
potential of the dye. 

The Box value indicates the transferability of an 
electron from' the sample to the electrode and as the value 
is larger (the oxidation potential is more positive), the 
electron is less transferable from the sample to the 
electrode, in other words, the oxidation less occurs • As 
for the relationship with the structuj^e of compound, the 
oxidation potential becomes more positive when an electron- 
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withdrawing group is introduced, and becomes more negative 
when an electron-donating group is introduced. In the 
present invention, the oxidation potential is preferably 
rendered more positive by introducing an electron- 
withdrawing group into the yellow dye skeleton so as to 
reduce the reactivity with ozone that is an eXectrophilic 
agent. 

The dye for use in the preseint invention preferably 
has good color hUe as well as. good fastness, more 
preferably has a sharp absorption spectrum on the long wave 
side. For this purpose, the yellow dye preferably has Xinax 
in the reigion from 390 to 470 ma and a ratio I (Xmax + 70 
nm) /I(.Xinax) of' the* absorbance at .^max ^+ 70. nm (I(5Unax + 70 
nm)) to the absorbance at ^jiiax (I(Ajnax)) is preferably 0.2 
or less, more preferably 0.1 or less. The: .lower limit, of 
the ratio is about 0-01^ These Xmaic are values measured ±xi 
an aqueous soTutibrt of the dye. 

The dye satisfying these oxidation potential and 
absorption properties is preferably a dye represented by 
the following formula (Yl) . However, the. compound 
represented by fortiula (3.) is sufficient if the Xmax is in 
the range from 390 to 470 nm, arid the above-described 
oxidation potential and ratio KAmax + 70 nm) /I (Xmax) need 
not be always satisfied. ^ . . 

A-N=N-B (Yl) 
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wherein A and B each independently represents a hetero- 
cyclic group which may be substituted, 

A heterocyclic ring for the heterocyclic group is 
preferably a heterocyclic ring constituted by a. 5- or 6- 
membered ring and the heterocyclic ring may have a 
monocyclic structure or a polycyclic structure resulting 
from condensation of two or more rings and may be an 
aromatic heterocyclic ring or a non-aromatic heterocyclic 
ring. A hetero atom constituting the heterocyclic ring is 
preferably N, O or S atom. 

The heterocyclic ring represented by A " in . formula 
(Yl) is preferably .5-pyrazolone, pyrazole^ txiazole^ 
oxazolone, isoxazolbne, barbituric acid, pyridone, pyridine, 
rhodanine, pyrazolidinedione, pyrazolopyridone, merdramlc 
acid or a condensed . heterocyclic ring resulting . .from 
condensation of such a heterocyclic ring with a hydrocarbon 
aromatib ring or a heterocyclic ring, more preferably 5- 
pyirazolbne, S^aminopyrazole, pyridone, 2, e-diamlnopyridine 
or a pyrazoloazole, still more preferably 5-aminopyrazole, 
2 -hydroxys 6-pyridone or pyrazolotriazole- 

Examples of the heterocyclic ring represented by B 
include pyridine, pyrazine, pyrimidine, pyridazine, 
triazine, quinoline, isoquinbline, quinazoline, cinnoline, 
phthalazine, quinoxaline, pyrrole, indole, f uran, 
benzofuran, thiophene, benzothiophene, pyrazole> imidazole. 
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benzimidazole, triazole, oxazole, isoxazole/ behzoxazole, 
thlazole, behzothiazoler isothiazole,. benzisothiazole/ 
thiadiazole, beiizisoxazole^ pyrrolidine,. piperidine, 
piperazine, dLmidazolidine and thiazoline. Among these, 
preferred are pyridine, quinoline, thiophene, benzo- 
thiophene, pyrazole, imidazole, benzimidazole, triazole, 
oxazole, isoxazole, benzoxazole, thlazole, benzothiazole, 
isothiazole, benzisothiazole, thiadiazole arid benzisoxazble, 
more preferred are quinoline, thiophene, pyrazole, thiazole, 
benzoxazole, benzisoxazble, isothiazole,. imidazole, 
benzothiazole and thiadiazole, and still more preferred are 
pyirazble, benzothiazole, benzoxazole, imidazole,. 1,2,4- 
thiadiazole and 1, 3, 4Tthiadia2ole. 

Exan¥>les* of the substituent substituted: on A or 'B 
include a halogen atom, .an alkyl group, a cycloalkyl group, 
an aralkyl group, an alkenyl group^ an alkynyl group, an 
aryl group, a heterocyclic group, a cyano group, a hydroxyl 
group, a nitro group, an alkoxy group, an aryloxy group, a 
silyloxy groups a heterocyclic oxy group, an acyloxy group, 
a carbamoyloxy group, an alkoxycarbonyloxy group, an 
aryloxycarbonyloxy group, an amino group, an acylamino 
group, an aminocarbopylamino group, an alkoxycarbonylamino 
group, an aryloxy carbonylamino group*, a sulfamoyl amino 
group, an alkylsulf onylamino group, an arylsulf onylamino 
group, a mercapto group, an alkylthio group, an arylthio 
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group ^ a heterocyclic thio group, a sulfamoyl group, an 
alkylsulfinyl group, an arylsulfinyl group, an alkyl- 
sulfonyl group, an arylsulfonyl group, an acyl group, an 
aryloi^ycarbonyl group, an alkoxycarbonyl group^ a carbamoyl 
group, an imido group, a phosphiho group, a phosphinyl 
group, a phosphinyloxy group, a phosphinylamino group, a 
silyl group and an ionic hydrophillc group. 

In *the case where the dye represented by formula (Yl) 
is used as a water-soluble dye, the dye preferably contains 
at least one ionic hydrophilic group in the molecule 
thereof- Examples, of the ionic hydrophili'C group include a 
suifo group/- a carboxyl group, a phosphono group and .a 
quaternary aimnonium group. Among these : ionic hydrophilic 
groups, preferred are^ a carboxyl group/- "a phosphono group 
arid a -sulfo . group, more preferred are a carboxyl group and 
a stilfo group. The carboxyl gi-oiip, the phosphono group and 
the sulf o group each may be in a salt state and examples of 
the counter ion for forming the salt include ammonium ion, 
alkali metal ions (e.g., lithium ion, sodium ion, potassium 
ion) and organic cations (e*g., tetramethylaramonium ion, 
tetramethylguanidium ion, tetramethyiphosphonium) Among 
the counter ions, alkali metal salts are preferred. 

Among the dyes represented by fonnula (Yl) , preferred 
are dyes represented by formulae (Y2), iY3) and (Y4) : 
Formula (Y2) : 
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N — R3 
R2 

wherein Rl and R3 each represent a hydrogen atom, a cyano 
group, an alkyl group, a cycloalkyl group, an aralkyl group, 
an alkoxy group, an alkylthio group, an afylthio group, an 
aryl group or ah ionic hydrophilic group, R2 represents a 
hydrogen atom, an alkyl group, a cycloalkyl group,, an 
aralkyl group; a Carbamoyl group, an acyl group, an -aryl^ 
group or a • .heterocyclic group, and R4. represents" a 
heterocyclic group;- • • . • • • 
Poifmula (Y3) : . •• . ; 

'■•R5 • N=N — R6 

Za 

\ / 

Zc--2b 

wherein R5 represents a hydrogen atom, a cyano group, an 
alkyl group, a cycloalkyl group, an aralkyl group, an 
alkoxy groups an alkylthio group, an arylthio group, an 
aryl group or an ionic hydrophilic group, Za represents -N=, 
-NH- or --CCRID^, Zb and Zc each independently 
represent -N= or -C(R11)=, Rll represents a hydrogen atom 
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or a nonmetallic substituent^ and R6 represents a 
heterdcyclic group; 
Formula {Y4) : 




Wherein R7 4nci R9 eabh independently represents a hydrogen 
atonic a cyaiio group, an alkyl group^ a cycloalkyl group, an 
aralkyl group, an aryl. group, an aXkylthio group, an 
arylthio group> an alkoxycarbonyl group, -a carbamoyl group 
or an ionic hydrophilic group, R8 represents a hydrogen 
atom, a halogen atom, an alkyl group, an alJcoxy group, an 
aryi group, an aryloxy group, a cyano group,, an aicylamino 
group, a sulfonylamino group, an alkoxycarbonylamino group, 
a ureido group, an alkylthio group, an arylthio group, an 
alkoxycarbonyl group, a carbamoyl group,, a sulfaraoyl group, 
an alkylstilfonyl group, an arylsulfonyl group, an acyl 
group, an amino group, a hydroxy group or an ionic 
hydrophilic group> and RIO represents a heterocyclic group. 

The alkyl group represented by Rl, R2, R3, R5, R7, R8 
and R9 in formulae (Y2) , (y3) and {YA^) includes ah alkyl 
group having a substituent and an unsubistituted alkyl group. 
The alkyl group is preferably an alkyl group having from 1 
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to 20 carbon atoms. Examples of the substituent include a 
hydroxyl group, an alkoxy groups a cyano group, a halogen 
atom and ari ionic hydrophillc group. Examples of the alkyl 
group include a methyl group, an ethyl group, a butyl group, 
an isopropyl group, a tert-butyl group, a hydroxyethyl 
group, a methoxyethyl group, a cyanoethyl group, a 
trifluorbmethyl group, a 3-sulf ©propyl group and a 4- 
sulfobutyl group. 

The cycloalkjrl group repressented by Rl, r2, R3, r5> 
R7, R8 and R9 includes a cycloalkyl group having a 
substituent and .ah unsubstituted cycloalkyl group. The 
cycloalkyl group is. .preferably a cycloalkyl- .group having- 
from 5 to 12 ;ca*rbon* atoms. Examples of ^ the substituent 
Include an . ionic hydrophilic group. -^'Examples of the 
cycloalkyl group, include a cyclohexyl group, 

The aralkyl group represented by Rl, R2, R3,.. R5, R7, 
R8 and R9 include an aralkyl group having a substituent and 
an unsubstituted aralkyl group. The aralkyl group is 
preferably ah aralkyl group having from 7 to 20 carbon 
atoms. Examples of the substituent include an ionic 
hydrophilic group. Examples of the aralkyl group include a 
benzyl group and a 2-phenethyl group. 

The aryl group represented by Rl* R2, R3, R5, R7, R8 
and R9 includes an aryl group having a' substituent and ah 
unsubstituted aryl group. The aryl group is preferably an 
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aryl group having from 6 to 20 carbon atoms. Examples of 
ttie substituent include an alkyl group, an alkoxy group, a 
halogen atom, an alkylamino group and an ionic hydrophilic 
group. Examples of the aryl group include a phenyl group, 
a p-tolyi group, a p-methoxyphenyl group, an o-chlorophenyl 
group and an m- (3-rsulfopropylamino) phenyl group. 

The alkylthio group represented by Rl^ R2^ R3^ R5, R7, 
R8 and R9 ihcludes an alkylthio group having a substituent 
arid an unsufastituted alkylthio group* The alkylthio group 
is preferably an alkylthio group having from 1 to 20, carbon 
atoms- Examples of the substituent include , an ^ ionic 
hydrophilic group. • Examples of the alkylthio group :in elude ^ 
a methyl thio- group and an ethylthio group.- ;• ■* ^ 

Thei arylthxo' group represented by Rl, R2, R3,.: RS; R7.^ 
R8 and R9' .includes an arylthio group having a .substituent 
and ah unsubstituted arylthio group. The arylthio group is 
preferably an arylthio group having^ from 6 to 20 carbon 
atoms- fixamples of the substituent include an alkyl group 
and an ionic hydrophilic group. Examples of the arylthio 
group include a phenyl thio group and a p-tolylthio group. 

The hetierocyclic group represented by R2 and R^^ 
which is described later is preferably a 5- or 6-membered 
heterocyclic ring and the heterocyclic ring may be further . 
condensed. The heteroatom constituting the heterocyclic 
ring is preferably N, S or O. The ring may be an aromatic 
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heterocyclic ring or a non-aromatic heterocyclic ring. The 
heterocyclic ring may be substituted and examples of the 
substituent are the same as those of the substituent of the 
aryl group which is described later- The heterocyclic ring 
is preferably a 6-membered nitrogen-containing aromatic 
heterocyclic ring and preferred examples thereof include 
triazine, pyrimidine and phthalazine. 

The halogen atom represented by R8 includes a 
fluorine atom, a chlorinie atom and a bromine atom. 

The alkoxy group represented by Rl, R3, R5 and R8 
ihicludejs an alkoxy. group . having a substituent and ' an 
unsubstituted -alkoxy group. The alkoxy group is preferably 
an alkoxy ^group having from 1 to 20 carbon atoms - Examples 
of the substituent include * a:, hydroxyl group and an . ionic 
hydrophilic group, ' Examples of the alkoxy. group include a 
roethoxy group, an ethoxy group, an isopropoxy group, a 
methoxyethoxy group, a hydroxyethoxy group and a 3-- 
carboxypropoxy group. 

The aryl6xy group repiresented by includes an 

aryloxy group having a substituent and an unsubstituted 
aryloxy group. The aryloxy group is preferably an aryloxy 
group having from 6 to 20 carbon atoms. Examples of the 
Substituent include an alkoxy group and an ionic 
hydrophilic group. Examples of the aryioxy group include a 
phenoxy groups a p-methoxyphenoxy group and an o-methoxy- 
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phenoxy group. The acylamino group represented by R8 
includes an acylamino group having a substituent ^nd an 
unsubstituted acylamino group. The acylamino group is 
preferably an acylamino group having from 2 to 20 carbon 
atoms. Examples of the substituent include an ionic 
hydrophilic group- Examples of the acylamino group include 
an acetamide group, a propionamide group, a benzamide group 
and a 3/ 5-disulfbbenzamide group. 

the sulfohylamirio group represented by R8 Includes a 
sulfohylamino group having a substituent and an 
unsubstituted sulf onylaminb group. The. sulfonylamino. group 
•is preferably a - sulfonylamino group havings .from 1 to 20 
carbon atoms.- Examples of the suifcnylamino group include 
a-.methylsulfoiiylamino grbup and an ethyisuif onylaihino group. 
: - -The alkoxycarbonylamino group represented- .by R8 
includes an alkoxycarbonylamino group having a substituent 
and an unsubstituted alkoxycarbonylamino group. The 
alkoxycarbonylamino group is preferably an alkoxycarbonyl- 
amino group having from 2 to 20 carbon atoms. Examples of 
the substituent include an ionic hydrophilic group - 
Examples of the alkoxycarbonylamino group include an 
ethoxycarbonylamino group. 

The ureido group represented by R8 includes a ureido 
group having a substituent and an ^unsubstituted ureido 
group. The ureido group is preferably a ureido group 
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having from 1 to 20 carbon atoms. Examples of the 
substituent include an alkyl group and an aryl group ♦ 
Exaiftples of the ureido group include a 3-methylureido group 
a 3/ 3-dimethylureido group and a 3-phenylureido group - 

The alkoxycarbonyl group represented by R?^ R8 and R9 
includes ^an alkoxycarbonyl group having a substituent and 
an unsubstituted alkoxycarbonyl group. The alkoxycarbonyl 
group is preferably an alkoxycarbonyl group having from 2 
to 20 carbon atoms. Examples of the substituent include an 
ionic hydrbphi lie group. Examples of the alkoxycarbonyl 
group include a. methoxycarbonyl group and an ethoxycarbonyl 
group, 

The carbamoyl group represented by R2; -RSrand R9 • 

includes a carbamoyl • group having a substituent ••and an 
urisub^tifcuted .carbamoyl group. Examples of the. substituent 
include an- alkyl group. Examples of the carbamoyl group 
include a methylcarbamoyl group and a diitiethylcarbamoyl 
group. 

The sulfambyl group represented by R8 includes a 
sulfamoyl group having a substituent and an unsubstituted 
sulfamoyl group. Examples of thie substituent include an 
alkyl group- Examples of the sulfamoyl group include a 
dimethylsulfamoyl group and a di- (2-hydroxyethyl) sulfamoyl 
group. > 

Examples of the alkylsulf onyl group and arylsulf onyl 
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group represented by R8 include a methylsulfonyl group and 
a phenyl sulfonyl group. 

The acyl group . represented by R2 and R8 includes an 
acyl group having a substituent and an unsubstituted acyl 
group. The acyl group, is preferably an acyl group having 
from 1 to 20 carbon atoms- Examples of the substituent 
include an ionic hydrophilic group. Examples of the acyl 
group include an acetyl group and a benzoyl group. 

The amino group represented by R8 includes an amino 
group having a substituent and an unsubstituted amino group- 
Examples of the substituent include an alkyl group, an aryl 
group and a heterocyclic group. Examples of the amino 
group include a methylamino group, a dietrhylamino group, an ' 
aniline group, and a 2-chl6roaniiino group. . ■ • 

The heterocyclic, grouf) represented by R4> R6 and RlO 
is the same as the heterocyclic group represented by B in 
formula CYl), which may be substituted, and preferred 
examples, more preferred examples and. still more preferred 
examples are the same as those described above. Examples 
of the substituent include an ionic hydrophilic group, an 
alkyl group having from 1 to 12 carbon atoms, an aryl group, 
an alkylthio group, an arylthio group, a halogen atom, a 
cyano group, a sulfamoyl group, a sulfonamino group,, a 
carbamoyl group and an acylamino group\ The alkyl group, 
the aryl group and the like each may further have a 
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substltuent^ 

In formula (Y3) , Ea represents -N=, -NH- or -C{R11)=, 
Zb arid Zc each independently represent -N= or •-C(R11)«^ and 
Rll represents a hydrogen atom or a nonmetallic substituent. 
The nonmetallic substituent represented by Rll is 
preferably a cyano group^ a cycloalkyl group^ an aralkyl 
group, an aryi group, an alkylthio group, an arylthio group 
of an ionic hydrophilic group. These substituents have the 
same meanings as the substituents represented by Rl, 
respectively, and preferred examples are also the same. 
Examples of the skeleton of the. heterocyclic ring, 
comprising two 5-membered rings, contained in formula (.Y3), 
•aire 5hown below. ^ 

N » NH 
\ / 

When the; above-described ^ubistituents each may 
further have a substituent, examples of the substituent 
include the substituents which may be substituted on the 
heterocyclic ring of A or B in formula (Yl) , 

In the case where the dyes represented, by formulae 
(Y2) to (Y4) are used as a water-soluble dye> the dye 
preferably contains at least one ionic hydrophilic group in 
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the molecule- In such a case, the dye includes dyes where 
at least one of Rl, R2, R3, R5, R7, R8 and R9 in formulae 
(Y2) to (Y4) is an ionic hydrophilic group, and dyes where 
Rl to Rll in formulae {Y2) to (Y4) each further has an 
ionic hydrophilic group as a substituent* 

Among the dyes represented by formulae (Y2), (Y3) and 
(Y4)/ preferred are the dyes represented by formula (Y2), 
and more preferred are the dyes represented by the 
following formula (Y2-1) : 
Formula (Y2-1) : . 




wherein R^^ and R^^ each represent a hydrogen atom, .an alkyl 
group, a cycloalkyl groups an aralkyl group, an alkoxy 
gjiroup or an aryl group, R^^ represents ah aryl group or a 
heterbcycliG group, one of X and Y represents a nitrogen 
atom and the other represents -CR^^ (wherein R^^ represents 
a hydrogen atom, a halogen atom, a cyaho group, an alkyl 
group, an alkylthio group, an alkylsulfonyl group, an 
alkyl sulfinyl group, an alkyloxycarboriyl group, a carbamoyl 
group, an alkoxy group, ah aryl group,^ an arylthio group, 
an arylsulfonyl group, an arylsulf inyl group, an aryloxy 
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group or an acyl amino group). The substituents each may be 

further substituted. 

Of the dyes in formula (Y2-1) , a dye having an ionic 
hydrophilic group is preferred. 

Specific examples of preferred dyes for use in the 
present invention are set forth below^ however, the dye for 
use in the preiseht invention is not limited to the 
following specific examples- The compounds can be 
isynthesized by referring to JP-A-2-24191 and JP-A-200l~ 
279145. 
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Yi-16 YI-17 
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Dye 
YI-18 

yi-19 

YI.20 
Yl-21 

YI-22 
YI-23 



I 

R 



R 



4 ^SOgNa 




Vl-24 




YI-25 



Yl-26 



COONa 




YN27 




SOaNa 
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R 



Dye 


R 




COOC^Ha 


YI-39 


CON(C4H^2 


YI-40 


SOaNHC^aHas 


YMI 
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Ik. 




FT ^ R 



Dye 


R 


R' 


YI-42 


C0N(C4H9)2 


H 


Yl-43 


COOGeHi7 




Yl-44 


C0N(C4hy2 


<> 


YI-45 


C0N{C4Hfl)2 


CH3 


Yl-4e 
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The Inkjet recording ink of the present invention 
preferably contains the yellow dye in an amount of 0.2 to 
20 wt%, more preferably from 0*5 to 15 wt%. 

the black dye for use in the present invention is 
described in detail below. 

In ^ the black ink for ink jet recording method of the 
present invention, a dye (L) having Xmax in the region from 
5O0 to 700 nin and heaving a half-value width {W3Li/2) of 100 
rim or liiore (preferably from 120 to 500 nm, more preferably 
from 120 to 350 nm) in the absorption spectruih of a dilute 
solution standardized to an absorbance of 1.0 is used. 

In the case where the dye (L) by itself can realize 
black of high image quality "pure black" (that is,* black 
which is hot dependent on the light source at ' the 
observation and less susceptible to stress of any one color 
tone of Br G and R) , the dye may be used alone as the dye 
for black ink. However, in general, a dye for covering the 
region where the dye (L) has low absorption is usually used 
in combination. A dye (S) having a main absorption in a 
yellow region is. preferably used in Combination. The black 
ink may also be produced by using other dyes in coinbination. 

In the present invention , the above-described dye 
alone or in combination with other dyes is dissolved or 
dispersed in an aqueous medium to prepare a black ink and 
in order to satisfy the performances preferred as the black 
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ink for Inkjet recording method, namely, 1) the weather 
resistance is excellent and/or 2) the balance of black is 
not disrupted even after color fading, an ink satisfying 
the following conditions is produced- 

A black square symbol of JIS code 2223 is printed in 
a 48-point size by using the black ink and the reflection 
density (Dvis) measured by a Status A filter (visual filter) 
is defiAed as the initial density. Examples of the 
reflection densitometer having mounted thereon a Status A 
filter include X-kite Densitometer. in the case of 
measuring-the density of "black", the measured value of Dvi3- 
is used as the standard observed reflection xiehsity. the 
printed mattjeir is enforcedly discolored by using: an ozone 
discoloration- tester • capable (bf always generating 5 ppm' of 
ozone and an • accelerated fading rate constant (kvis) is. , 
determined according the relational formula of 0.8= 
expC-kvis't) from the time period (t) until the reflection 
density (Dvia) decreases to 80% of the initial reflection 
density valtie. 

In the present invention, an ink of giving the 
acceleirated fading rate constant (kvis) of 5.0x10"^ [hour"^] 
or less, preferably 3-0x10"*^ [hour^M or less, more 
preferably l.OxlO"^ [hour'^] or less, . is produced (condition 
1) . 

Also, a black square symbol of JIS code 2223 is 
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printed in a 48Tpoint size by using the black ink and the 
refleetiori densities {Dr, b^, Pb) of three colors of C 
(cyan) , M (magenta) and Y (yellow) , which are density 
values measured by a Status A filter, are defined as the 
initial densities, the Dr, Dq and Db indicate C reflection 
density by red filter, M reflection density by green filter 
and Y reflection density by blue filter, respectively. The 
printed matter is enforcedly discolored by. using an ozone 
discoloration tester capable of always generating 5 ppm of 
ozone according to the above-described method and the 
accelerated fading rate constants. (Jcr,. . kisv kn). are. 
determined ^ similarly • from the time period until the 
.reflection densities • (Dr^ Dq, Db) decrease- to 80% of 
respective initial density Values. When the ratio (R) of. 
th>^ iriaximum value to. the minimum value in the three 
accelerated fading rate constants is determined (for 
example^ in the caise where ka is a niaximum value and k^ is 
a minimum value, R^kn/ke) , an ink of giving a ratio (R) of 
1.2 or less, preferably 1.1 or less, more preferably 1.05 
or less> is produced (condition 2) • 

The "printed matter obtained by printing a black 
square symbol of JIS code 2223 in a 48-point size" used 
above is an image printed in a size large enough to cover 
an aperture of the densitometer an\l thereby give a 
sufficiently large size for the measurement of density/ 
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At least one of the dyes used In the black ink has an 
oxidation potential more positive than 1.0 V (vs SCE) , 
preferably more positive than 1.1 v (vs SCE) , more 
preferably more positive than 1.15 V (vs SCE) , and at least 
one of the dyes preferably has Amax of 500 nm or longer 
(condition 3) . 

the oxidation potential used in the present invention 
is a value measured in N^N-dimethylformamide (concentration 
of compound: IxlQ-^ mol^dm^^j containing 0.1 mol-dm"^ of 
tetrapropylaramoniuih perchlorate as the supporting 
electrolyte by using SCE (saturated calomel electrode) as 
the reference electrode, a graphite electxode as the 
working electrode and a platinum electrode as the counter 
electrode. In the case of a water-soluble dye, the. dye is. 
sometimes • hardly ■ dissolved directly in N-dimethyl~ 
fonriamide. In such a case, the oxidation potential is 
Tneasdred after dissolving the dye by using water in a small 
amount as much as possible and then diluting it with N,N- 
dimethylformamide to have a water content of 2% or less. 

The oxidation potential value sometimes deviates on 
the order of several tens of millivolts due to the effect 
of liquid junction potential, liquid resistance of sample 
solution, or the like, but the reproducibility of the 
potential value measured can be guaranteed by calibration 
using a standard sample (for example, hydroquihone) . 



68 



the black ink for use in the present invention is 
prefeirably ah azo dye represented by formula (BKl) shown 
below. The aizo dye represented by formula (BKl) includes 
those falling under the dye (L) having Xmax in the region 
from 500 to 700 nm and having a half-value width of 100 nici 
or more ^in the absorption spectrum of a dilute solution 
staridairdized to an absorbance of 1.0. Further,, a dye (S) 
having Ajnax in the region from 350 to 500 nm is also 
included in the dye represented by formula (BKl). An ink 
where at least one dye (L) is the dye of foirmula (BKl) is 
preferred; an ink where at least one dye- » (L) and at least 
one dye (S)-., are the dyes of formula (BKl) is more- preferred, 
and an ink where- 90 wt% of = all dyes in the ink is* occupied 
by the dye .-t>if ^ forraul (BKl) is still more, preferred 
(condition 4),. ;> . , , . . 

Formula (BKl) : 

A+N=N^B-)^N=N— C 

The. black ink which can be used in the present 
invention is a black ink satisfying at least one of these 
conditions 1 to 4, 

Of the dyes represented by formula (BKl), the dye 
falling under the dye (L) is described in detail below. 

In formula (BKl), A, B and C ^ each independently 
represent an aromatic group which may be substituted or a 
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heterocyclic group which may be substituted (A and C are 
monovalent groups respectively and B is a divalent group) ^ 
m. represent is 1 or 2, and n represents an integer of 0 or 
more* 

A compound where m and n each is 1 or 2 is preferred 
and in this case, at least two of A, B and C are preferably 
an uhsatu^ated heterocyclic group which may be substituted. 
In particular, a compound where m and n are 1 and at least 
B a:hd C aire each an unsaturated heterocyclic group is more 
preferred. 

The azo -dye represented by formula (BKl)- is 
preferably a dye represented by the following formula-. 
(BK2) : ■ 

Formula (BK2) : • ' . . • 



A N=N — ^B^-^N=N 




whereih A and B h^ve the same meanings as in formula (BKl), 
respectively; Bi and B2 each represent =CRi- or -CR2= or 
either one of Bi and B? represents a nitrogen atom and the 
other ireprissents =CRi- or -CR2=; G, Ri and R2 each 
independently represent a hydrogen atom, a halogen atom, an 
aliphatic group, an aromatic group, a heterocyclic group, a 
cyano group, a carboxyl group, a carbamoyl group, an 
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alkoxycarboriyl group^ an aryloxycarbonyl group, a 
heterocyclic oxycarbohyl group, an acyl group, a hydroxy 
group, an alkbxy group, an aryloxy group, a heterocyclic 
oxy group, a silyloxy group, an acyloxy group, a 
carbamoyloxy group, an alkoxycarbonyloxy group, an 
aryloxycairbonylbxy group, an amino group {including an 
alkylamiho group, ah arylamino group and a heterocyclic 
amino group), an acylamind group, a ureido- group, a 
sulfamoylamino group, aii alkoxycarbonylamino group, an 
arylokycarbonylamino group, an alkylsulfonylamind group, an 
arylsulfonylamiho group, a heterocyclic sulfonylamino group, 
a nitro group, an alkylthio group, .an arylthio group, a 
heterocyclic thio group, an alkylsulfonyl group> an 
arylsulfohyi group, a heterocyclic.* sulfonyl group, an 
alkylsulfinyl group, an arylsulfinyl group, a* heterocyclic 
sulfinyl group, a sulfaiiioyl group or a suXfo group, and 
each group may be further substituted; R5 and Rs. each 
independently represent a hydrogen atom, an aliphatic group, 
an arbittatic group, a heterocyclic group, an acyl group, an 
aikoxycarbonyl group, an aryloxycarbonyl group, a ^carbamoyl 
group, an alkylsulfonyl group, an arylsulfonyl group or a 
suif aiSioyl group, and each group may further have a 
substituent, provided that R5 and Re are not hydrogen atoms, 
at the same time; or Ri and Rs, or R5 and Re may combine to 
form a 5— or 6-membered ring. 
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The azo dye represented by formula {BK2) is more 
preferably a dye represented by the following formula 
(BK3) : 

Formula (BK3) : 




Wheirein R7 and Rs each have the samia meanings, as Ri in 
formula (BK2) ... 

The iialogen .atom includes a fluorine atom, • a chlorine 
atom and a /bromine atom.* The aliphatic group ' ineans- an 
alkyl group/ a substituted alkyl group/ an alkenyl. group, " a 
substituted al»kenyl group, an alkynyl group, a- substituted 
alkynyl group, an aralkyl group and a substituted aralkyl 
group. The aliphatic group may be branched or may form a 
ring. The nuunber of carbon atoms in the aliphatic group is 
preferably friom 1 to 20, more preferably from 1 to 16. The 
aryl moiety in the aralkyl group and the substituted 
aralkyl group is preferably phenyl or iiaphthyl, more 
preferably phenyl. Examples of the aliphatic group include 
a methyl group, an ethyl gfroup, a butyl group, an isopropyl 
group, a tert-butyl group^ a hydroxyethyl group, a 
methoxyethyl group, a cyanoethyl group, a trif luoromethyl 



72 



group, a 3-sulf opropyl group,, a 4-sulfobutyl group, a 
cyciohexyl group, a benzyl group, a 2-phenethyl group, a 
vinyl group and an allyl group. 

The monovalent aromatic group means an aryl group and 
a subsitituted aryl group. The aryl group is preferably a 
phenyl group or a naphthyl group, more preferably a phenyl 
group. The nuibfaer of carbon atoms in the monovalent 
aromatic group is preferably from 6 to 20, more preferably 
from 6 to 16, Eicamples of the monovalent aromatic group 
include a phehyl group, a p-tolyl group, a p-methoxyphenyl 
group, an o-chlbrophenyl group and an m- (3-sulf opropyl- 
amino) phenyl group. . -The divalent aromatic group is a • 
divalent form - of the monovalent * aromatic groups and - 
examples thereof -include- a phenylene group, a p-rtolylene.. 
group, a p-methoxyphenylene group, an -o-rchlorophenylene 
group, an m- (3-sulfopropylaraino)phenylene group and a 
haphthylene group . 

The heterocyclic group includes a heterocyclic group 
having a substituent and an uhsubstituted heterocyclic 
group. The heterocyclic ring may be condensed with ah 
aliphatic ring, an aromatic ring or other heterocyclic ring. 
The heterocyclic group is Jireferably a 5- or G^membered 
heterocyclic group. Examples of the heteroatom in the 
heterocyclic ring include N, O and S*. Examples of the 
substituent include an aliphatic group, a halogen atom, an 
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alkylsulfonyl group, an arylsulfonyl group, an acyl group, 
aii acylamino group^ a sulfamoyl group a carbamoyl group 
and ah ionic hydrophilic group. Examples of the hetero- 
cyclic ring used in the monovalent or divalent heterocyclic 
group include a pyridine ring, a thi6phehe ring, a thiazole 
ring, a benzothiazole ring, a benzoxazole ring and a furan 
ring. 

The carbamoyl group includes a carbamoyl group having- 
a substituefit and an unsubstituted carbamoyl group . 
ExampJ-efe of the substituent include an alkyl group. 
Examples of the carbamoyl group include a methylcarbamoyl 
group and a dimethylcarbamoyl group. * . • • • 

: . The alkoxycarbonyl group includes an alkoxyearbonyl 
groUp. havihg a. -.substituent and an. unsubstituted alkoxy* 
carbonyl group* The alkoxycarbonyl group is preferably an 
alkoxyearbonyl group having from 2 to 20 carbon atoms . 
Examples of the substituent include an ionic hydrophilic 
group. Examples of the alkoxycarbonyl group include a 
raethbxycarbohyl group and an ethoxycarbonyl group. 

The aryloxycarbonyl group includes an aryloxycarbonyl 
group having a substituent and an unsubstituted aryloxy- 
carbonyl group. The aryloxycarbonyl group is preferably an 
aryloxycarbonyl group having from 7 to 20 carbon atoms . 
Examples of the substituent include an ionic hydrophilic 
group. lExamples of the aryloxycarbonyl group Include a 
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phenoxycarbonyl group. 

The heterocyclic oxycarbonyl group includes a 
heterocyclic oxycarbonyl group having a substituent and an 
unsubstituted heterocyclic oxycarbonyl group. The 
heterocyclic bxycarbonyl group is preferably a heterocyclic 
oxycarbonyl group having from 2 to 20 carbon atoms. 
Exaihples. of the substituent include an ionic hydrophilic 
group. \ 'Examples of the heterocyclic oxycarbonyl group 
include a 2 -pyr idyl oxycarbonyl group. 

The acyi group includes an acyl group having a 
substituent -and- an unsubstituted acyl group, ..The acyl 
group is p^ief erabiy an acyl group • having from 1 . to 20 
carbon atoms... tExaitiples of the substituent : include ^ an' ionic 
hydrophilic group-: ..Examples of the .acyl group inciude . a:n 
acetyl group and ra benzoyl group. 

The alkoxy group includes an alkoxy group having a 
substituent and an unsubstituted alkoxy group. The alkoxy 
group is preferably an. alkoxy group having from 1 to 20 
carbon atoms. Examples of the substituent include an 
alkoxy group, a hydroxy 1 group and an ionic hydrophilic 
group- Examples of the alkoxy group include a methoxy 
group^ an ethbxy group, an Isopropoxy group, a methoxy- 
ethoxy group, a hydroxyethoxy group and a 3-carboxypropoxy 
group. i 

The aryloxy group includes an aryloxy group having a 
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substituent and an unsubstituted aryloxy group. The 
atyldxy group is preferably an aryloxy group having from 6 
to 20 carbon atoms. Examples of the substituent include an 
alkoxy group and an ionic hydrophilic group. Examples of 
the aryloxy group include a phenoxy group, a p-inethoxy- 
phenoxy group and an o-methoxyphenoxy group. 

The heterocyclic oxy group includes a heterocyclic 
oxy group having a substituent and an unsubstituted 
heterocyclic oxy group. The heterocyclic oxy group is 
prefef&bly a heterocyclic oxy group having from 2 to 20 
carbon atoms.- Examples of the substituent include an alkyl 
group, an. alkoxy group, and an ionic hydrophilic group. 
Examples of the heterocyclic oxy - group include a 3- 
pyr^idyioxy group aind a. S^-thienyloxy group;. •. 

the silyloxy group is preferably a silyloxy group - 
substituted by an aliphatic or aromatic group having from 1 
to 20 carbon atoms. Examples of the silyloxy group include 
a trimethylsilyloxy group and a diphenylmethylsilyloxy 
group. 

The acyloxy group includes an acyloxy group having a 
substituent and an unsubstituted acyloxy group. The 
acyloxy group is preferably an acyloxy group having from I 
to 20 carbon atoms. Examples of the substituent include an 
ionic hydrophilic group. Examples of^ the acyloxy group 
include an acetoxy group and a benzoyloxy group. 



The carbamoyloxy group includes a carbamoyloxy group 
having a substituent and an unsubstituted carbamoyloxy 
group. Examples of the substituent include an alkyl group. 
Examples of the carbamoyloxy group include an N-methyl-. 
carbaitioyloxy group. 

The alkoxycarbonyloxy group includes an alJcoxy- 
carbonylbky group having a substituent and an unsubstituted 
alkoxycarbonyloxy group. The alkoxycarbonyloxy group is 
preferably an alkoxycarbonyloxy group having from 2 to 20 
carbon atoms. Examples of the alkoxycarbonyloxy group 
include a :methoxycarbonyloxy group . and an isopropoxy- 
carbonyloxy group. • • 

The aryloxycarbonyloxy group includes an . aryloxy- 
oarbonyloxy group having a substituent aixdran unsubstituted . 
aryloxycarbonyloxy group. The aryloxycarbonyloxy group is 
preferably an aryloxycarbonyloxy group having from 7 to 20 
carbon atoms. Examples of the aryloxycarbonyloxy group 
include, a phenoxyGarbonyioxy- group. 

Thei amiho group in<?lud^s an amino group substituted 
by an alkyl group^ an aryl group or a heterocyclic group, 
and the alkyl group, the aryl group and the heterocyclic 
group each may further have a substituent. The alkylamino 
group is preferably an alkylamino group* having from 1 to 20 
carbon atoms • Examples of the substituent include an ionic 
hydrophilic group. Examples of the alkylamino group 
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include a methylamino group and a diethylamino group. 

The arylamino group includes an arylamino group 
having a substituent and an unsubstituted arylamino group . 
the arylamino group is preferably an arylamino group having 
from 6 to 20 carbon atoms. Examples of the substituent 
include a halogen atom . and an ionic hydrophilic group. 
Examples of the arylamino grbup include an anilino group 
and a 2'-chlorophenylamih6 group. 

The lieterbcyclic amino group includes a heterocyclic 
^mino group having a substituent and an unsubstituted 
heterocyclic amino group* The heterocyclic amino group is 
preferably a heterocyclic amino group having from 2. .to 20- 
carbon atoins* Examples of thier substituent* include an a^lkyl 
group/ a haiogen--atom- and an ionic hydrophilic group; - --' • 

The acy lamino . group includes an acylamino - group 
having a substituent and an unsubstituted acylamino group. 
The acylamino group is preferably an acylamino group having 
from 2 to 20 carbon atoms, Exain5>les of the substituent 
include ah ionic hydrophilic group. Examples of the 
acylamino group include an acetylamino group, a propionyl- 
airtino group, a benzoylamiho group, an N-phenylacetylamino 
group and a 3, 5-disulf obetlzoylamino group. 

The ureido group includes a ureido group having a 
substituent and an unsubstituted ureido group. The ureido 
group is preferably a ureido group having from 1 to 20 
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carbon atoms. Examples of the substituent include an alkyl 
group and an aryl group. Examples of the ureido group 
include a 3-methylureido group, a 3, 3-diinethylureido group 
and a 3-phenylureido group. 

The siilf amoylamino group includes a sulf amoylamino 
group having a substituent and an unsiibstituted sulfamoyl- 
arttiho group. Examples of the substituent include an alkyl 
group. Examples of the sulf amoylamino group include, an 
N-dipr6pylsuifaihdylaitiino group. 

The alkoxycarbonylamino group includes an 
alkoxyGatbonyiamiiio .group having a substituent and an 
uiisubstituted alkoxycarbonylamino group.- The alkoxy*^ • 
carbonylamino - group is preferably an al-koxycarbonyramiho 
•group having from -2- .to . 20. carbon atoms. .Examples of the • 
substituent include an- ionic hydrophilic group. Examples.- 
of the alkoxycarbonylamino group include an ethoxycarbonyl-- 
amino group. 

The aryloxycarbohylaminp group includes an aryloxy- 
cagfbbnylamiho group having a substituent and an • 
unsubstitiited aryloxycarbonylamino group. The aryloxy- 
carbonylamino group is preferably an aryloxycarbonylamino 
group having from 7 to 20 carbon atoms. Examples of the 
substituent include an ionic hydrophilic group. Examples 
of the aryloxycarbonylamino group include a phenoxy- 
carbonylamiho group. 
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The alkylsulfbnylamino group includes an 
alkylsulfonylamino group having a substituent and an 
unsubstituted alkylsulf onylamino group, and the aryl- 
sulfonylamino group includes an arylsulf onylamino group 
having a substituent and an unsubstituted arylsulf onylamino 
group- The sulf onylamino group is preferably a sulf onyl- 
amino group having from 1 to 20 carbon atoms. Examples of 
the substitiafent include an ionic- hydrophilic group. 
Examples of these sulf onylamino groups include a methyl- 
sufonylamino groUp, an N-phenyl-raethylsulfonylamino group, 
a phenylsulf onylamino group and a - • -S-carboxyphenyl- 
sulf onylamino group. :• 

The heterocyclic sulfohylamino group includes • a 
heterocyclic. -sulfonylaminio group having- a :, substituent and 
an -..unsubstituted heterocyclic sulf onylamino . group. The 
heterocyclic sulf onylamino group is preferably a hetero- 
cyclic sulf onylamino group having from 1 to 12 carbon atoms. 
Examples of the. substituent include an ionic hydrophilic 
grdup. Examples of the heterocyclic sulf onylamino group 
include a 2--thiophenesulf onylamino group and a 3- 
pyridihesulf onylamino group - 

The heterocyclic Sulfciiyl group includes a hetero- 
cyclic sulfonyl group having a substituent and an 
unsubstituted heterocyclic sulfonyl group. The hetero- 
cyclic sulfonyl group is preferably a heterocyclic sulfonyl 
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group having from 1 to 20 carbon atoms. Examples of the 
substituent include an ionic hydrophilic group. Examples 
of the heterocyclic sulfonyl group include a 2-thiophene- 
sulfonyi group and a 3-pyridinesulf onyl group. 

The heterocyclic sulfinyl group includes a hetero- 
cyclic sulfinyl group having a substituent and an 
urisubstituted heterocyclic sulfinyl group. The hetero- 
cyclic sulfinyl group is preferably a heterocyclic sulfinyl 
group having from 1 to 20 carbon atoms . Examples of the 
siibstlttieiht indlude an ionic hydrophilic group. Examples 
of the hfeterocyclie sulfinyl group include • a 4-pyridine- 
sulfihyl group: 

The; alkylthio/ group includes include^ an alkylthio 
groiip haivihg. at isubstituent and aii unsubstituted alkylthio 
group, the iAryLthio .group includes an arylthio grottp having 
a substituent and an unsubstituted arylthio group, and the 
heterocyclic thio group includes a heterocyclic thio group 
having a substituent and an unsubstituted heterocyclic thio 
group. The alkylthio group, the arylthio group and the 
heterocyclic thio group are preferably . an alkylthio group 
having from 1 to 20 carbon atoms, an arylthio group having 
from 1 to 20 carbon atoms and a heterocyclic thio group 
having from 1 to 20 carbon atoms, respectively. Examples 
of the substituent include an ionic . hydrophilic group. 
Examples of the alkylthio group, arylthio group and 
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heterocyclic thio group include a methylthio group, a 
pheriylthio group and a 2'^pyridylthio group- 

The alkylsulforiyl group includes an alkylsulf onyl 
group having a substituent and an unsubstituted 
alkylisulfonyl group, and the arylsulfonyl group includes an 
arylsulfonyl group having a substituent and an 
unsubstituted arylsulfonyl group, Exainples of the 

alkylsulf onyl group and arylsulfonyl group include • a 
itlethylfiulfonyl gjroup and a phenylsulf onyl group. 

the alkylsulf ihyl group includes an alkylsulf inyl 
group having a substituent and an unsubstituted^ 
alkylsulfinyl group, and the arylsulfinyl group includes an 
arylsuifinyl .gr6up having, .,a substituent and • an 
unsubstituted: • arylsulfinyl; group. • • Exaibples : of the ' 
alkylsulf inyr group arid arylsulfinyl group include a- 
methyl sulfihyi group and a phenylsulf inyl group. 

The suifamoyl group includes a sulfamoyl group having 
a substituent and an unsubstituted sulfamoyl group. 
Examples of the substituent include an alkyl group. 
Examples of the sulfamoyl group include a ddLmethylsulfamoyl 
group and a di- (2-^hydroxyethyl) sulfamoyl group. 

Formulae (BKl) , {6K2) and (BK3) are described in 
detail below. 

In the following, those described above for each 
group or substituent are also applied. 
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In formula (BKl), B and C each independently 

represents an aromatic group (A and C each is a monovalent 
aromatic grbup such as aryl group, and B is a divalent 
aromaitic group such as arylene group) which may be 
substituted, 6r a heterocyclic group (A and C each is a 
monovalent heterocyclic group and B is a divalent 
heterocyclic group) which may be substituted. Examples of 
the aroma'tic ring include a benzene ring and a naphthalene 
ring/ Examples of the heteroatom in the heterocyclic ring 
include O arid S, The heterocyclic ring, may be cbndensed 
with, an aliphatic ring, an aromatic ring or another 
heterocyclic ring. • . • . . -. : 

Xhe substituent may be an arylazo group or • a hetero-- 
cyclie -azo' -group. ... * . • . • • 

At . least two of . A, B and C are preferably hetero- 
cyclic groups- 

The heterocyclic group represented by C is preferably 
an aromatic nitrogen-containing 6-membered heterocyclic 
group represented by the following forihula (BK4). When C 
is . the aromatic nitrogens-containing 6-membered heterocyclic 
group represented by formula (BK4), formula (BKl) 
corresponds to formula (BK2) • 
Formula (BK4) : 
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In formula (BK4)^ Bi and each represents =CRi- 
6r -CR2= or either one of Bi and Bz represents a nitrogen 
sitbm ^lid the other represents =CRi- or -CR2'^. Bi and B2 
each i3 preferably =CRi- or -CR^^. 

R5 and Re each independently represent a hydrogen 
atbm^ an aliphatic group, an aromatic group^ a heterocyclic 
group,, an acyl group, an alkoxycarbonyl group, .an aryloxy- 
carbonyl group, a carbamoyl group, an alkylsulf onyl group, 
an arylsulfoiiyl group .or a sulfamoyl group, and each group 
may further • have . a substituent. The - substituent- 

represented by Rs-and .R^ is preferably a hydrogen atom^,\an. 
aliphatic group, an aromatic group, a heterocyclic group, 
an acyl group, an alkylsulf onyl group or ari arylsulfonyl 
group, more preferably a hydrogen atom, an aromatic groups 
a h^terocyGlic group, an acyl group, an alkylsulf onyl group 
or an arylsulfonyl group, and most preferably a hydrogen 
atom, ah airyl group or a heterocyclic groups and each group 
may further have a substituent. However, R5 and R^ are not 
hydrogen atoms at the same time, 

G, Rx and R2 each independently represents a hydrogen 
atom, a halogen atom, an aliphatic group, an aromatic group, 
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a heterocyclic group, a cyano group, a carboxyl group,, a 
carbaiiifoyl group, an alkoxycarbonyl group,, an aryloxy- 
carbonyl group, a heterocyclic oxycarbonyl group, an acyl 
group, a hydroxy group, an alkoxy group, an aryloxy group, 
a heterocyclic oxy group, a silyloxy group, an acyloxy 
group, a ^carbamoyloxy group, an alkoxycarbonyl oxy group, an 
aryioxycarbohyloxy group, an ainino group (including an 
alkylairiino group, ah arylairiino group and . a heterocyclic 
amino grbup) , an acylamino group, a uteido group, a 
sulfambylainirio group, an alkoxycarbonylaiiiino group, an 
aryloxydaifbonylaiiiino group, an alkylsulf onylainino group, an 
arylsiilf onylamino group, a heterocyclic sulf onylamino group, 
a nitro group, an alkylthio group, an arylthio group, a • 
heterocyclic thio group; aH' . alkylsulf onyl. . group, an 
arylsulfdnyl group, a .heterocyclic sulfonyl. group, an 
alkylsulf inyl group, an arylsulfinyl groiip, a heterocyclic 
sulfiriyl group, a sulfamoyl group cir a sulfo group, and 
each gfoup may be further substituted. 

The substitii^nt rispresented by G is preferably a 
hydrogen atom, a halogen atom, an aliphatic group, an 
aromatic group, a hydroxyl group, an alkoxy group, an 
aryloxy group, an acyloxy group, a heterocyclic oxy group, 
an amino group (including an alkylamino group, an aryl amino 
group and a heterocyclic amino group),** an acylamino group, 
a ureido group, a sulf amoylamino group, an alkoxycarbonyl- 
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amino group, an aryloxycarbonylamino group, an alkylthio 
group/ an arylthio group or a heterocyclic thio group, more 
preferably a hydrogen atom, a halogen atom, an alkyl group, 
a hydroxy group, an alkoxy group, an aryloxy group, an 
acyibxy group^ an amino group (including an alkylamino 
group, an arylamino group and a heterocyclic amino group) 
6t ATI acylamlho group, and most preferably a hydrogen atom, 
an anilino group or an acylamiiio group, and. each group may 
further have a substituent. 

The substltuents ^ represented by Ri and R2 each is 
preferably a hydrogen -atom, an alkyl group-,.: a halogen atom, 
an alkoxycarbonyl group, a carboxyl group,, a- carbamoyl 
•group, a liydroxy group,- an alkoxy group or :a ' cyana group, 
arid each group inay . further have a substltueht . r 

Ri and R3, or R5 an<l Re may combine to form- a 5- or. 6- 
membered ring. 

When the substitueiits represented by A, Ri, R2, R5, Re 
arid G each further has a substituent, examples of the 
substituent include the substituents described above for G, 
Ri and R2- Also, an ionic hydrophilic group is preferably 
further present as a substituent on any one of A, R^, R2, R5, 
Re and G. 

Examples of the ionic hydrophilic group as a 
substituent include a sulfo group, a ^ carboxyl group, a 
phosphono group and a quaternary ammonium group. Among the 
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ionic hydrophilic groups, preferred are a carboxyl group, a 
phospihbno group and a sulfo group, more preferred are a 
carboxyl group and a sulfo group. The carboxyl group, the 
phosphono group and the sulfo group each may be in a salt 
state and examples of the counter ion for forming the salt 
include ammonium ion, alkali metal ions (e.g., lithium ion, 
sodium ion, potassixam ion) and organic cations {e.g., 
tetrametAylammohium ion, tetramethylguanidium- ion, tetra- 
methylphosphonium) . 

When S has a ring structure, preferred examples, of 
the heterocyclic: ring include a thidphene ring^ a thiazole 
ring, an imidaz-ole ring, a benzothiazole ring • .and a* 
thienothiazple ring.. • Each heterocyclic group -.may further 
have a substituent*. :• Jtoong the . heterocyclic rlngsy/ . b" 
thiophene ring, .a ...thiazole ring^ an imidazole . .ring,, a: 
beiizothiazole ring and a thienothiazple ring represented by 
the follbwihg formulae (a) to (e) respectively aire 
pref^irred- When m=n=l, B is a thiophene ring represented 
by formula (a), and C is a structure represented by formula 
(4), formula (BKl) corresponds to formula (BK3) . 
Formula (a) : Formula (b) : 
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Fortnula (c) : Formula (d) ; 




Wherein R9 to Riv each represent a substituent having the 
same meaning as. . Ri and R2 in ..formula (BK2)-. 

- In th^ present, invention r. particularly preferred, is a 
dye represented by the following, formula (BK5) : . 
Formula (BK5) : 




In formula (BK5) , Zi represents an electron- 
withdrawing group having a Hanimett's substituent constant 
op value of 0.20 or more. Zi is preferably an electron- 
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withdrawing group having a op value of 0.30 or more, more 
preferably 0.45 or more, still more preferably 0.60 to more 
but the cfp value preferably does not exceed 1.0, Specific 
preferred examples of the substituent include electron- 
withdrawing 3ub3tituents described later. Aniong those, 
preferred are an acyl group having from 2 to 20 carbon 
atoms, ah alkyloxycarbonyl group having from 2 to 20 carbon 
atoms, a nitro group, a cyano group, an alkylsulfonyl group 
having from 1 to 20 carbon atoms, an arylsulfonyl group 
having from 6 to 20 carbon atoms., a carbamoyl group having 
from 1 to 20 carbon atoms and a halogenate* alkyl group 
having from 1 to 20 carbon atoms, more • preferred • are a- 
cyano group-, an alkylsulfonyl group having -from 1 to 20 ; 
carbon atoms* and an arylsulfonyl group having -from: 6 to 20 
carbon atoms, and most preferred is| a cyano group. 

Ri, R2, R5 and Rg have the same meanings as in formula 
{BK2)\ R3 and R4 each independently represents a hydrogen 
atom, an aliphatic group, an aromatic group, a heterocyclic 
group, an acyl group, ah alkoxycarbonyl group, an aryloxy- 
carbonyl group, a carbanfioyl group, an alkylsulfonyl group, 
an arylsulfonyl group or a sulfamoyl group, preferably a 
hydrogen atom, an aromatic group, a heterocyclic group, an 
acyl group, an alkylsulfonyl group or an arylsulfonyl group, 
more preferably a hydrogen atom, an eftromatic group or a 
heterocyclic group. 
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The groups described in regard to formula (BK5) each 
may further have a substituent. When these groups each 
further has a substituent, examples of the substituent 
include the substituents described in regard to formula 
{BK2)^ the groups described as examples for Ri and R2, 
and ionic hydrophilic groups. 

Now, the Hamitiett's substituent constant ap value used 
in the present invention is described. The Hammett's rule 
is ah empirical rule advocated by L.P. Hantmett in 1935 so 
as t6 quantitatively discuss the effect of substituent on 
the reaction or equilibrium of benzene derivatives- .and- its: 
propriety is widely ; ax3mit ted at present- The substituent: 
cbnstant determined by - the Bammett's rule includes a 
value :aTid a om value - anc<i' theae" valuer can be found * in .--a- 
large number of conventional publications and these are-. 
desciribed in detail, for example, in J. A. Dean (compiler). 
Lunge's Handbook of Chemistry ,' 12th ed,, McGraw-Hill (197$), 
and kagakuno, Ryoiki (Chemistry Region) , special number, No. 
122; pp. 96-103, Nahkodo (1979). In the present invention, 
each substituent is limited or described by using the 
Hammett's substituent constant ap but it does not mean that 
the substituent is limited only to those having a known 
value which can be found in ^he above-described 
publications. Needless to say, the substituent includes 
substituents of which Cp value is not known in publications 
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but when measured based on the Hammett's rule^ falls within 
the range specified* Furthermore, although the azo dyes 
for the black ink of the present invention include those 
which are not benzene derivatives, the <yp value is used as 
a measure for showing the electron effect of the 
substituent irrespective of the substitution site. In the 
present invention, the Op value is used in such a meaning. 

Examples of the electron-withdrawing group having a 
HaRUririett's substituent constant cfp value of 0.60 or more 
include a cyano group, a nitro group, an alkylsulfonyl 
group (e.g*, methanesulfonyl) and. an arylsulfonyl group 
.(e.g., benzenesuifonyl) • ...» 

Examples of the electron-withdrawing group having a 
Haramett's Op value of :0-.45 or more include; in addition to* 
those described, above, an acyl group.. (e.gi> acetyl), an 
alkoxyc^rbonyl group (e.g., dodecyloxycarbohyl ) , an 
aryloxycarbonyl group (e.g., m-chlorophenoxycarbonyl) , an 
alkylsulf inyl group (^ . g. , n-propylsulf inyl) , an aryl- 
sulfinyi group (e. g. , phenylsulf inyl) , a sulfamoyl group 
(e.g., N-ethylsulfampyl, N,N-dimethyl sulfamoyl) and a 
halogeriated alkyl group (e.g», trifluorbmethyl) . 

Examples of the electron-withdrawing group having a 
Hammett's substituent constant Op value of 0.30 or more 
include, in addition to those described above, an acyloxy 
group (e.g., acetoxy) , a carbamoyl group (e.g., N- 
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ethylcarbamoyl, N,N-dibutylcarbamoyi ) , a halogenated alkoxy 
group (e.g., trif luoromethyloxy) , a halogenated aryloxy 
group (e.g., pentafluorophenyloxy) , a sulfonyloxy group 
(e.g., inethylsulf onyloxy) , a halogenated alkylthio group 
(e.g., difluoromethylthio) , an aryl group substituted by 
two or more electron-withdrawing groups having a ap value 
of 0.15 or more (e.g., 2,4-dinitrophenyl, pentachloro- 
phenyl) and a heterocyclic ring (e.g., 2-benzoxazolyl, 2- 
benzothiazolyl, l-phenyl-2-benzimidazolyl) . 

Specific examples of the electron-withdrawing group 
having a <7p. value of 0.20 or more include, in - addition to 
those described above, a halogen atom. •. 
. . The preferred- combination of substituents v.iTi. the azo • 
dye . represented- by formula (BK3) is .described, -bellow. . Ra 
and Re each is preferably a hydrogen atom, . an alkyl group, 
an aryl group, a heterocyclic group> a sulfonyl group or an 
acyl group, more preferably a hydrogen " atom, an aryl group, 
a heterocyclic group or a sulfonyl group, and most 
preferably a hydrogen atom, an aryl group or a hetetocyclic 
group. However, Rj and. Re are not hydrogen atoms at the 
same time; 

G is preferably a hydrogen atom, a halogen atom, an 
alkyl group, a hydroxyl group, an femino group or an 
acylamino group, more preferably a hydrogen atom, a halogen 
atom, an amino group or an acylamino group, and most 



92 



preferably a hydrogen atom, an amino group or an acylamino 
group . 

A is preferably an aromatic group, a pyridine ring, a 
pyrazole ring^ an iitiidazole ring, an isothiazole ring, a 
benzisothiazole ring, a thiadiazole ring, a thiazole ring, 
a benzothiazole ring or a triazole ring, more preferably an 
aromatic group, a pyridine ring, an isothiazole ring, a 
benzisotliiazole ring, a thiadiazole ring or a benzothiazole 
ring, and riiost preferably an aromatic group, a pyridine 
rihg or a benzothiazole ring. 

6i and B2 each is-=CRi- or -CR2^, atid Ri and R2 each is 
preferably a hydrogen atom, an alkyl group, a halogen atom, 
a cyano group, a carbamoyl group, a* caxboxyl group, • a* 
hydroxyl group, an alfcoxy group or an alkoxycarbonyl group,* 
more preferably a hydrogen atom, an alkyl group, a carboxyl 
group, a cyano group or a carbamoyl group. 

As for the preferred combination of substituents in 
the compound repreisented by formula (BKl), a compound where 
at least ohb of various substituents is th^ abovedescribed 
preferred group is preferred, a compound where a larger 
number of various substituents are the above-described 
preferred groups is more preferred, and a compound where 
all substituents are the above-described preferred groups 
is most preferred. ^ 

Specific examples of the azo dye represented by 
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formula (BKl) are set forth below, however, the azo dye for 
use in the jpresent invention is not limited to those set 
forth below. The carboxyl group, the phosphono group and 
the sulfo group each, may be in a salt state and examples of 
the counter ion for forming the salt include ammonium ion, 
alkali metal ion^ (e.g., lithium ion, sodium ion, potassium 
ion) and organic cations (e,g*, tetramethylairanohium ion, 
tetraiaethylguahidium ion> tetraitiethylphosphonium) . 
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The dyes represented by formulae (BKl), (BK2) , (BK3) 
and (BK5) can be ' synthesized by a coupling reaction of a 
diazo component and a coupler. As the main synthesis 
method, . the method described iri jP-A-20p3-306623 can be 
used. 

Iii the case where the dye (L) by itself can realize 
black of high image quality "pure black" (that is, black 
which is not dependent on the light . source at the 
bbservatidn arid less susceptible to stress of any one color 
tone of B, G and R) , the dye may be used alone as the. dye 
for black ink. However, in general, a dye for covering the 
region wher^ the dye (L) has low absorption is usually used 
in combination- A dye or pigment having main • absorption in 
the yellow region is usually used in combination to -.realize 
the preferred black- As the yellow dye, . commonly employed 
direct dyes> acid dyes and the like, representatively azo 
dyes and .azomethine dyes, can .be used. As the pigment, an 
a^Jtieous dispiersion of a conventional pigment having a 
pigment number can be used in combination- In particular, 
a dye represented by formula (BKl) as the short-wave dye 
(S) described above is preferably used. 

Among the dyes represented by formula (BKl) , an azo 
dye where m=n=0 is firstly preferred as the short-wave dye 
(S) . In such a case, A and C each is preferably a 
heteroaromatic ring. An azo dye where m=n=l is next 
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preferred. 

In either case, the dye preferably has an oxidation 
potential (Eox) of more positive than 1,0 V (vs SCE) ^ more 
preferably moire positive than 1.15 V (vs SCE) . 

In the black ink,, at least two long-wave dyes can 

also be used in combination. 
« 

Furthertnore, the black ink can also be produced by 
using other dyes in combination. 

The black ink for Inkjet recording method contains 
the dye of formula (BKl) in an amount of 0.2 to 25 wt%, 
preferably from 0.5 to 15- wt%> based on the entire ink. 

For the dye having Xraax in the region from 350 to 500 
rim, a yellow dye or pigment described later* can be also 
used. : • • . • . . 

The above-described-, black dye is substantially 
soluble or dispersible in water. In particular, the ink 
composition containing the black .dye of the present 
irivention is preferably a solution-type ink composition 
using a water-soluble dye. More specifically, the 
solubility of the dye in water at 20^C is preferably 2 wt% 
or more, more preferably 5 wt% or more. 

The dyes other than the black dye for use in the 
present invention are preferably a substantially water- 
soluble or water-dispersible dye. More specifically, the 
solubility of the dye in water at 20^C is preferably 2 wt% 
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or more, more jpreferably 5 wt% or more. 

In the case of producing two or more inks, one ink 
may be produced as a light-type ink and another may be 
produced as a dark ink. In the present invention, such 
inks can be produced. Further, ink compositions which 
provide almost the same printed density can be produced - 

Examples of the dye which can be used other than the 
black dye include dyes known in the field of art, such as 
triarylmethane dye, anthraquinone dye, anthrapyridone dye, 
azomethine dye, a 20 dye, cyanine dye, merocyanine dye and 
oxonol dye, and these dyes can be used -individually or in 
combination (preferably in combination of giving a black 
dye) -- Among these, -azo dyes are preferred. .» . .... 

More specifically, examples of the yellow dye include 
^^yl- or heteryl-azo dyes having a phenol,: a naphthol, an 
aniline, a py'razolpne^ a pyridone or an open chain active 
methyleine compound as the coupling component; azomethine 
dyes having an open chain active methylene compound as the 
coupling component; me thine dyes such as benzyl idene dye 
and monomethine oxonol dye; and quinone-base dyes such as 
naphthoquinone dye and anthraquinone dye. Other examples 
of the dye species include quinophthalone dye, 
nitro-nitroso dye, acridine dye and acridinone dye. Such a 
dye may be a dye which provides a yellow color for the 
first time when a part of the chromophore is dissociated. 
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In such a case, a counter cation may be an inorganic cation 
such as alkali metal and ammonium, an organic cation such 
as pyridiniuim and quaternary ammonium salt, or a polymer 
cation having such a cation in a partial structure. 

Examples of the magenta dye include aryl- or heteryl- 
az6 dyes having a phenol, a naphthol or an aniline as the 
coupling cbmponent; azomethine dyes having a pyrazolone or 
a pyrazblotriazole as the coupling component; methine dyes 
&\ith as arylidene dye, styryl dye, merocyanine dye and 
oxdhol dye; caitbonium dyes siuch as diphenylmethahe dye, 
triphenylmethane. dye and xanthene dye; quiriono-base dyes 
such as naphthoquinone^ anthraquinone and ahthrapyxidone; 
and cbhdensed polycyclic dyes such as dioxazine dye. • These 
dyes may be -a dye .which: provides a magenta, color for /the 
firsit time when . a part of the chrbmophore is dissociated, 
In such a case/ a counter cation may be an inorganic cation 
stich as alkali metal and airanonium, an organic cation such 
as pyridihium and quaternary ammoriiiM salt, or a polymer 
cation haying such a cation in a partial structure. 

Examples of the cyan dye include azomethine dyes such 
as indoaniline dye and indophenol dye; polymethine dyes 
such as cyanine dye, oxonol dye and merocyanine dye; 
carbonium dyes such as diphenylmethane dye, triphenyl-- 
methane dye and xanthene dye; pHthalocyanine dyes; 
anthraquinone dyes; aryl- or heteryl-azo dyes having a 
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phenol, a naphthol or an aniline as the coupling component; 

and indigo -thioindigo dyes. These dyes may be a dye which 

provides a cyan color for the first time when a part of the 

chromophore is dissopiated. In such a case, a counter 

cation may be an inorganic cation such as alkali metal and 

ammoniiim, an organic cation such as pyridinium and 

quaternary ammonium salt, or a polymer cation having such a 
« 

cation in a partial structure. 

Examples of the water-soluble dye include a direct 
dye, an acid dye, a fo6d dye, a basic dye and a reactive 
dye. Preferred examples thereof include C.I.. Direct Red 2,-. 
4, 9, 23, 26, 31, 39, 62, €3, 72, 75, 76, 79, 80, 81, 83, 
84, 89, 92, 95, 111, 173, 184, 207, 211, 212, 214, - 218, 21,-. 
223/ 224, 225, 226, -227; 232, -23^3, 240, 241, 242, 243 and 
247; C.I. Direct Violet 7, 9, 4:7, 48, 51, 66, .90,- 93, .94, 
95, 98, 100 and 101; C-I. Direct Yellow 8, 9, 11, 12, i27, 
28, 29^ 33, 35, 39, 41, 44,, 50, 53, 58, 59, 68, .86, 87, 93, 
95, 96, 98> 100^ 106, 108, 109, 110, 130, 132, 142, 144, 
ler and 163; C.I. Direct Blue 1, 10, 15, 22, 25, 55, 67, 68, 
71, 76, 77, 78, 80, 84, 86> 87, 90, 98, 106, 108, 109, 151, 
156, 158, 159, 160, 168, 189, 192, 193, 194, 199, 200, 201, 
202, 203, 207, 211, 213, 214, 218, 225, 229, 236, 237, 244, 
248, 249, 251, 252, 264, 270, 280, 288^ 289 and 291; C.I. 
Direct Black 9, 17, 19, 22, 32, 51, 56,^62, 69, 77, 80, 91, 
94, 97, 108^ 112, 113, 114, 117, 118, 121, 122, 125, 132, 
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146, 154, 166, 168, 173 and 199; CI. Acid Red 35, 42, 52, 
57; 62, 80, 82, 111, 114, 118, 119, 127, 128, 131, 143, 151, 
154,, 158, 249, 254, 257, 261, 263, 266, 289, 299, 301, 305, 
336, 337, 361, 396 and 397; C.I. Acid Violet . 5, 34, 43, 47, 
48, 90, 103 and 126; C.I. Acid Yellow 17, 19, 23, 25, 39, 
40, 42, 44, 49, 50, 61, 64, 76, 79, 110, 127, 135, 143, 151, 
159, 169, 174, 190, 195, 196, 197, 199, 218, 219, 222 and 
227; G.I. Acid Blue 9, 25, 40, 41, 62, 72, 76> 78, 80, 82, 
92, 106, 112, 113, 120, 127:1, 129, 138, 143, 175, 181, 205, 
207^ 220, 221, 230, 232, 247, 258, 260, 264, 271, 277, 278, 
279, 280^ 288, 290 and 326; C.I. Acid Black 7, 24, 29, 48,. 
52:1 and 172; C.i. Reactive Red 3, 13, 17, 19, 21,- 22, 23, 
2.4, 29, .35, 37, 40, 41/ 43, 45, 49 and 55;. CI- Reactive 
Violet. 1, 3, 4; 5, 6> 7./ 8, 9, 16, 17, 22;. 23, .24, 26, 27, 
33 and 34; C.I. Reactive Yellow 2, 3, 13,-- 1.4,- 15, 17, -18, 

23, 24, 25, 26, 27, 29, 35, 37, 41 and 42; C.I. Reactive 
Blue 2, 3^ 5, 8, 10, 13, 14, 15, 1,7, 18, 19, 21, 25, 26, 27, 
28, 29 and 38; C.I. Reactive Bladk 4, 5, 8, 14, 21, 23, 26, 
31; 32 and 34; C.I. Basic Red 12, 13, 14, 15, 18, 22, 23, 

24, 25, 27, 29, 35, 36, 38, 39, 45 and 46; C.I. Basic 
Violet 1, 2, 3, 7, 10, 15, 16, 2D, 21, 25, 27, 28, 35, 37, 
39, 40 and 4iB; C.I. Basic Yellow 1, 2, 4, 11, 13, 14, 15, 
19, 21, 23, 24, 25, 28, 29, 32^ 36, 39 and 40; C.I. Basic 
Blue .1, 3, 5, 7, 9, 22, 26, 41, 45, 46,^47, 54, 57, 60, 62, 
65, 66, 69 and 71; and C.I. Basic Black 8. 
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In the ink set of the present invention/ other dyes 
may be used in combination with the above-described dyes so 
as to adjust the color tone for obtaining a full color 
image. Exaitipres of the dye which can be used in 
combination include the * dyes described above and the 
following pigments* 

AS the piginent which can be used in the present 
invention^ commercially available pigments and known 
pigments described in various publications can be used. 
Examples of the publication include Colour Index ^ compiled 
by The Society of - Dyers and Colourists, Kaitei . Shin Hain; 
Ganryo Binran (Revised New Handbook of Pigments) ^ compiled 
by Nippon Ganryo Gi jutsu Kyokai (1989) , Saishiii Ganryo Qvo >/ 
Gijutsu (Newest Pigment Application Technology)^ <:MC:. * 
Shuppan (198 6)^ . Insatsu Ink Gijutsu (Printing Ink 
Technique) , CMC Shuppan (1984), and W. Herbst and Hunger, 
Industrial Organic pigments , VCH Verlagsgesellschaft (1993), 
Specific examples . of the pigment include organic pigments 
such as azo pigments (e.g., azo lake pigment, insoluble azo 
pigment, condensed azo pigment, chelate azo pigment), 
polycyclic pigments (e.g., phthalocyanihe-base pigment, 
anthraquinone^base pigment, perylene-base or perynone-base 
pigment, indigo-base pigment, quinacridone-base pigment, 
dioxazine-base pigment, isoindolinbne-base pigment, 
quinophthalone-base pigment, diketopyrrolopyrrole-base 
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pigment), dyeing lake pigments (lake . pigments of acid or 
basic dye) and azine pigments, and inorganic pigments such 
as C.I. Pigment Yellow 34, 37, 42 and 53 which are a yellow 
pigment, C.I. Pigment Red 101 and 108 which are a red-type 
pigment, C.I. Pigment Blue 27, 29 and 17:1 which are a 
blue-type pigment, C.I. Pigment Black 7 and magnetite which 
are a black-type pigment, and C.I. Pigment White 4, 6, 18 
and 21 which are a white-type pigment. 

The pigment having a color tone preferred for the 
formation of an image includes the followings. As the blue 
to cyan pigment, - phthalocyanine pigments, anthraquinone- 
type indanthrone pigments (for .exan^le, C.I. Pigment Blue 
60) and dyeing lake- pigment-type .triarylcarbonium pigments 
-are preferred, and phthalocyanine- pigments .are most 
preferred (preferred examples thereof include copper 
phthalocyanine sudh as C.I. Pigment Blue 15:1,. 15:2, 15:3, 
15:4 and 15:6, monochloro or low chlorinated copper 
phthalocyanine, aluminum phthalocyanine such as pigments 
described in European Patent 860475, nonmetallic 
phthalocyanine such as C.I. Pigment Blue 16, and 
phthalocyanirte with the center metal being. Zn, Ni or Ti, 
and among these, C.I. Pigment . Blue 15:3 and 15:4 and 
aluminum phthalocyanine are more preferred) . 

As the red to violet jpigment, azo, pigments (preferred 
examples thereof include C.I. Pigment Red 3, 5, 11, 22, 38, 
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48:1, 48:2, 48:3, 48:4, 49:1, 52:1, 53:1, 57:1, 63:2, 144, 
14 6 and 184^ and among these, CI. Pigment Red 57:1, 146 
and 184 are more preferred) , quinacridone-base pigments 
(preferred examples thereof include C.I. Pi^ent Red 122, 
192, 202, 207 and 209 and CI. Pigment Violet 19 and 42, 
and among these, C.I. Pigment Red 122 is more preferred), 
dyeing lake pigment-type triarylcarbonium pigments 
(preferred exainples thereof include xanthene-base C.I. 
Pigftii^ftt Red 81:1 and C.I. Pigment Violet 1, 2, 3, 27 and 
39), dioxazine-base pigments (for example, C.I. Pigment 
Violet 23 and 37), diketopyrrolopyrroie^base .pigments (for 
example, C.I. Eiginent Red 254), perylene pigments (for 
examjjle, C.I. Pigment Violet 29),..-= anthraquinone-base 
pigments (for -exan¥>le> C.I. E>igihent Violet • 5:1;-- 31 . and. 33) 
and fchioindigbrbase pigments (for example,. C. I. • Pigment Red. 
38 and 88) are preferred. 

Ais the yellow p^Lgment, azo picpn&nts (preferred 
fexa%)les thereof include mdhbazo pigment-type C.I. Pigment 
Yellow 1, 3, 74 and 98, dig azo pigment-type C.I. Pigment 
Yellow 12, 13, 14, 16, 17 and 83, synthetic azo-type C.I. 
Pigment Yellow 93, 94, 95, 128 and 155, and 
benziihidazolone-type C.I. Pigment Yellow 120, 151, 154, 156 
and 180, and among these, those not using a benzidine-base 
compound as a raw material are ' more preferred), 
isoihdoline-isoindolinone-base pigments (preferred examples 
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thereof include C.I. Pigment Yellow 109, 110, 137 and 139), 
quindphthalone pigments (preferred examples thereof include 
C.I. Pigment Yellow 138) and flavanthrone pigments (for 
example, C.l. Pigment Yellow 24) are preferred. 

As the black pigment, inorganic pigments (preferred 
examples^ thereof include carbon black and magnetite) and 
atiilihe black are preferred. 

Other than these, an orange pigment (for example, C.i. 
Pigirient Orange 13 and 16) and a green pigment (for example, 
C.I. Pigment Green 7) may be used. 

The pigment which can be used in the - present- 
invention may be the above-described pigment* which is not- 
subjected to any -treatment or is subjected to a.-*surface.: 
treatment- For the surface treatment^^^ a method of coating- 
the surface with, resin or wax, a method of attaching .a- 
surfactant, and a method of binding a reactive substange 
(fdr example, a radical generated from a silane coupling 
agent, an epoxy compound, polyisocyanate or a diazonitun 
salt) to the pigment surface may be used and these are 
described in the following publications and patents : 

(1) Kinzoku Sekken no Seishitsu to Qyo (Properties 
and Applications of Metal Soap) . Saiwai Shobo Co., Ltd.; 

(2) Insatsu Ink Insatsu (Printing Ink Printinqj^ , 
CMC Publishing Co., Ltd. (1984); ^ 

(3) Saishin , Ganryo Qyo Gijutsu (Newest Pigment 
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Application Technolooyl CMC Publishing Co., Ltd. (1986); 

(4) U.S. Patents 5,554,739 and 5,571,311; and 

(5) JP-A-9-151342, JP-A-10-'140065, JP-A-10-292143 
and JP-A^lX-166145. 

Pairticulafiy, self^-dispersible pigments prepared by 
allowing^a dtazonium salt to act on carbon black described 
in U.S. Patents of (4) and capsulated pigments prepared by 
the method described in jP-As of (5) are effective, because 
dispersion stability can be obtained without using an 
excess dispersant in the ink. 

In the ink of the present invention, the pigment may 
be dispersed by further using- a .dispersant. Various known 
dispersants; can- be .used according- to. the pigment used, for 
-ex^pie, a surfactant-type low molecular . dispersant or . a 
polymsr-type ; dispersant can be . used. Examples . of the 
dispersant include those described in JP-A-3-69949 and 
European Patent 549,486. In case of ^sing the dispersant, , 
a pigment derivative called syftergist may also be added so 
as to accelerate the adsorption of dispersant to the 
pigment. ' 

The particle size of the pigment which can be used in 
the present invention is, after the dispersion, preferably 
from 0.01 to 10 pm, more preferably from 0.05 to 1 pm. 

As for the method of dispersing 'the pigment,, known 
dispersion techniques used for the production of ink or 



111 



toner can be used. Examples of the dispersing machine 
include vertical or horizontal agitator mill, attritor, 
colloid mill, ball mill, three-roll mill, pearl mill, 
super-mill, impeller, disperser, KD mill, dynatron and 
pressure kneader. These are described in detail in Saishin 
Ganryo Qyo Giju tsu (Newest Pigment Application Technology) , 
CMC Publishing Co., Ltd. (1986). 

Other components which can be contained in the ink 
composition of the ink set for ink jet recording of the 
present invention are described below. 

. The. ink coinposition for inkjet recording -.may contain 
a surfactant to- .control - the liquid properties of the ink 
composition/. . whereby excellent effects • can be. provided, 
such as enhancement of the- ejection stability of rth-e ink 
composition^ ■ improvement of water resistance .of • the image.: 
and prevention of bleeding of the printed ink composition. 

Examples of the surfactant include anionic 
surfactants such as sodium dodecyl sulfate, sodium 
dcidecyloxysulfonate and sodium alkylberizehesulf onate, 
cationic surfactants such as cetylpyridinium chloride, 
trimethylcetylairanonium chloride and tetrabutylammonium 
chloride, and' nonionic surfactants such as polyoxyethylene 
nonylphenyl ether, polyoxyethylene naphthyl ether and 
polyoxyethylene octylphenyl ether. Ambng these, nonionic 
surfactants are preferred. 
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The surfactant content is from 0.001 to 15 wt%,. 
preferably from 0.005 to 10 wt%, more preferably from 0.01 
to 5 wt%/ based on the ink composition. 

Examples Of the water-soluble organic solvent which 
dan be used in the present invention include alcohols (e.g. 
methanol,^ ethanol, propanoic isopropanol, butanol, 
isobutanol^ sec-butanol/ tert-butanol, pentanol, hexanol^ 
cyclohescahol, benzyl alcohol)^ polyhydric alcohols (e-g*^ 
ethylene glycol^ diethylehe glycol, triethylene glycol, 
polyethylehe glycol, propylene glycol, dipropylene glycol, 
polypropylene glycol, butylene glycol, hexanediol> 
pentanediol, glycerin, hexanetriol, thiodiglycol) , glycol 
derivatives (e.g., ethylene glycol- monomethyl ether,* 
ethylerie glycol monoethyi ether, ethylene glycol monobutyl 
ether, diethylene glycol monomethyl ether, diethylene 
glycol monobutyl ether, propylene glycol monomethyl ether, 
propylene glycol monobutyl etcher, dipropylene glycol 
monoiftiethyl ether, triethylene glycol monomethyl ether, 
ethylene glycol diacetate, ethylene glycol monomethyl ether 
acetate> -triethylene glycol monomethyl ether, triethylene 
glycol monoethyi ether, ethylene glycol monophenyl ether) , 
amines {e.g., ethanolamine, diethanolamine, triethanolamine, 
N-methyldiethanolamine, N-ethyldiethanolamine, morphollne, 
N-ethylmorpholine, ethyl enediamine, diethylenetriamine, 
triethylenetetramine, polyethyleneimine, tetramethyl- 
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propylenediamine) and other polar solvents (e.g., forniamide, 
N^N-dimiBthylforinamide^ N^N-dimethylacetamide, dimethyl- 
sulf oxide, sulfolane, 2 -pyrrol idone, N-methyl-2-pyrrolidone, 
N-vinyl"2-pyrrolidone, 2-oxa2olidone, 1, 3-di^nethyl-2- 
imidazolidinone, acetonitrile, acetone). The water-soluble. 

organic solvents can be used in combination of two or more 
t 

thereof. The water-soluble organic solvents which are 

* " • » 

soluble in water in an amount of 20% by weight or more at 

25°C are preferably used. Among these, water-soluble 
organic solvcints having a boiling point of ISC^C or more 
aire preferred in the present invention . 

In the case where the above-described dye is an oil- 
soluble dye^ the - ink- composition - can be 'prepared by 
dissolving the oil-spl\3ble dye • in a* high boiling point 
organic solvent arid emulsion-^dispersing it in an aqueous 
medium. 

The high boiling point organic solvent for use in the 
present invention has a boiling point of ISC'C or more, 
preferably 170**C or more. 

Examples thereof include phthalic acid esters {e.g., 
dlbutyl phthalate, dioctyl phthalate, dicyclohexyl 
phthalate, di-2-ethylhexyl phthalate, decyl phthalate, 
bis(2, 4-di-tert-amylphenyl) isophthalate, bis (1,1- 

diethylpropyl) phthalate), esters of -^phosphoric acid or 
phosphone (e.g., diphenyl phosphate, triphenyl phosphate, 
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tricresyl phosphate, 2-ethylhexyldiph©nyl phosphate, 
dioctylbutyl phosphate, tricyclohexyl phosphate, tri-2- 
ethylhexyl phosphate, tridodecyl phosphate, cli-2- 
ethylhexylphenyl phosphate), benzoic acid esters {e.g., 2- 
ethylhexyl benzoate, 2, 4-dichloroben2oate, dodecyl benzoate 
2-ethylhexyl-p-hydroxybenzoate) , amides (e.g., N,N- 
diethyldodecanamide, N,N-diethylXaurylainide) , alcohols or 
phenols (e.g., isostearyl alcohol, 2, 4-di-tei:t-amylphenol) , 
aliphatic esters (e.g.,. dibutoxyethyl succinate, di-2- 
ethylhexyl succinate, 2-hexyldecyl tetradecanoate, tributyl 
citrate, : diethyl azelate, isostearyl. lactate, trioctyl 
citrate), aniline derivatives (e.g., N, N-dibutyl-2-butoxy- 
5-tert-octylaniline) , • • chlotinated • paraffins (e.g., 
paraf fins • having a chlorine content of 10 to •80%);.- trimesic 
acid esters (e.g., tributyl trimesate) , dodecylbenzene,. 
diisopropylnaphthalene, pKenols (e.g., 2, 4-di>-tert-amyl- 
phenyl, 4-dodecyloxyphenol, 4-dodecyloxycarbbnyiphenol, 4- 
(4-dodecyloxyphenylsulfonyl) phenol) , carboxylic acids (e.g., 
2-(2,4-di-tert-ainylphenDxy)butyric acid, 2-ethoxyoctane- 
decanbic acid) and alkylphbsphoric adids (e.g., di>-(2- 
ethylhexyl) phosphoric acid, diphenylphosphoric acid) . 

The high boiling point organic solvents may be used 
individually or as a mixture of several kinds thereof (for 
example, tricresyl phosphate and Sibutyl phthalate, 
trioctyl phosphate and di (2 -ethylhexyl) sebacate, or 
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dibutyl phthalate and poly (N-tert -but ylacryiamide) ) . 

Examples of the high boiling point organic solvent 
for use in the present invention, other than the above- 
described compounds, and/or the synthesis method of the 
high boiling point organic solvents are described, for 
example, ^in U.S: Patents 2,322,027, 2,533,514, 2,772,163, 
2,835,579, 3,594,171, 3,676,137, 3,689,271, 3,700,454, 
3,748,141, 3,764,336, 3,765,897, 3,912,515, 3,936,303, 
4,004,928, 4,080,209, 4,127,413, 4,193,802, 4,207,393, 
4^220, 711, 4,239,851, 4, 278, 757, 4, 353, 979, 4,363,873, 
4,430,421, 4,.430,422v 4,464,464, 4,483,918, 4,540,657-, 
4,684,606, 4,728/599,- 4,745,049, 4,935,321 and 5,013, 639, 
EP-A-276319, EP-A-2&6253, EP-A-289820, EP-A-.30-9158, EP-Ari- 
"309159^ ^:P-A-3091'60r.•.BP^■A-509311, EPTft-510576, East Germarv. 
Patents 147,009, 15:7>.147, 159,573 and 225, 24 OA, • British •- 
Patent 2091124A, jP-A-48-47335, JP-A-50-26530, .JP-A-51- 
25133, JP-A-51-26P36, JP-A-51-27921, JP-A-5l''27922, .JP^A- 
51-149028, JP-A-52-46816, JP-A-53-1520, JP-A-53-1521, JP-A- 
53-15127, JP-A-53-146622, JP-A-54-91325, JP-A-54-106228, 
JP-A-^54-118246, JP-A-55-59464, JP-A-56-64333, JP-A-56-81836, 
JP-A-59-204041, JP-A-61-84 641, JP-A-62-118345, JP--A-62- 
247364, JP-A-63-167357, JP-A-63-214744, JP-A-63-30194i, JP- 
A-64-9452, JP-A-64-9454, JP-A-64-68745,' JP-A-1-101543, JP- 
A-1-102454, JP-A-2-792, JP-A-2-4239, JP-A-2-43541, JP-A-4- 
29237, JP-A-4-30165, JP-A-4-232946 and JP-A-4-346338 . 
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The high boiling .point organic solvent can be used in 
an amount of from 0.01 to 3 times^ preferably from 0.01 to 
1.0 time in terms of the weight ratio to the oil-soluble 
dye - 

In the present invention, the oil-soluble dye or high 
boiling point organic solvent is used by emulsion- 
dispersing it in an aqueous medium. Depending on the case, 
a low boiling point organic solvent may also be used at the 
emulsion-dispersion in view of etnulsif lability. The low 
bciling point organic solvent is an organic solvent having 
a boiling point of about 30 to 150*C at atmospheric 
pressure. Preferred examples thereof include esters (e.g., 
ethyl acetate, butyl. acetate? ethyl propionate, p- 
ethoxyethyl acetater methylcellosolve acetate), . alcohols 
(e.g. , i sop ropy 1 alcoholr n-butyl alcohol, secondary butyl 
alcohol), ketones (e.g., methyl ispbutyl ketone, methyl 
ethyl ketone^ cyelohexanone) , amides (e.g.^ dimethyl- 
f ormamide,. N^methylpyrrolidone) and ethers (e.g., 
tetrahydrof uran^ dioxane) , however, the present invention 
is not limited thereto . 

In the emulsion^ dispersion, an oil phase obtained by 
dissolving the dye in a high boiling organic solvent or 
depending on the case, in a mixed solvoVit of a high boiling 
organic solvent and a low boiling organic solvent is 
dispersed in an aqueous phase, mainly comprising water to 
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form fine oil droplets of the oil phase. At this timer in 
either one or both of the aqueous phase and the oil phase, 
an additive described later, such as surfactant, wetting 
agent, dye stabilizer, emulsification stabilizer^ 
antiseptic or fungicide, can be added, if desired. 

In a conventional emulsification method, an oil phase 
is added to an aqueous phase, however, a so-called phase 
inversion emulsification methpd of adding dropWise an 
aiquebus phase in an oil phase can alsio be preferably used. 

in performing the emulsion'-dispersion of the present 
invention, - various surfactants can be used. Preferred 
examples thereof include anionic surfactants such as fatty 
acid salt, alkylsulfuric ester salt, alkylbenzenesulfonate; 
alkylnaphthklenesulfonate, dialkylsulfosuccinate, . alkyl- 
pbosphoric- ester salt, naphthalenesuifonic. acid formalin 
condensate and polyoxyethylene alkylsulfuric -ester salt, 
and npnionic surfactants such as polyoxyethylene alkyl 
ether, polyoxyethylene alkylaryl ether^ polyoxyethylene 
fatty acid ester, sorbitan fatty ; acid ester, 
polyoxyethylene sorbitan fatty acid ester, polyoxyethylene 
alkylamine, glycerin fatty acid ester and oxyethylene 
oxypropylene block copolymer. Also, SURFYNOLS (produced by 
Air Products & Chemicals), which are* an acetylene-base 
polyoxyethylene oxide surfactant, are preferably used. 
Furthermore^ amine oxide- type amphoteric surfactants such 
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as N,N-dimethyl*-N-alkylamine oxide are preferred. In 
addition, surfactants described in JP-A-59-157636 {pages 
(37) to (38)) and Research Disclosure , No. 308119 (1989) 
can also be used. 

For the purpose of stabilizing the dispersion 
inmiediately after the emulsif ication, a water-soluble 
polymer may be added in combination with the surfactant. 
Preferred exam^ples of the water-soluble polymer include 
polyvinyl alcohol, piolyvinylpyrrolidone, polyethylene oxide, 
polyacrylic acid, polyacrylamide and copolyitiers thereof. 
Also, natural water-soluble polymers such • as- 
polysaccharides, casein and gelatin .are also preferahtly 
used- Furthermore, fox the stabilization of th^ dye; 
dispersion, a .polymer which does not substantially dissolve.:; 
in aii^ agueou^ medium, stieh as vinyl polymer, polyurethane, . 
polyester, pblyamide, polyurea and polycarbonate obtained 
by the polymerization of acrylic acid esters, methacrylic 
acid esters/ vinyl, esters, acrylamides, methacryiamides, 
olefin^, styrenes, vinyl ethers or acrylonitriles, can also 
be . used in combination. The polymer preferably 

contains -SO3" or -COO", In the case of using such a 
polymer which does not substantially dissolve in an aqueous 
medium, the polymer is preferably used* in an amount of 20 
wt% or less, more preferably 10 wt% or less, based on the 
high boiling point organic solvent used. 
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In preparing an aqueous ink composition by dispersing 
the oil-soluble dye and high boiling point organic solvent 
according to emulsion-dispersion, control of the particle 
size is particularly imjportant. In order to increase the 
color purity or density of an image formed by the ink jet 
recording, it is essential to reduce the average particle 
size. The average particle size is preferably 1 jam or less, 
more preferably from 5 to 100 nm in terms of the volume 
average particle size^ 

The volume average particle size and particle size 
distribution of the dispersed particles can be easily 
measured by a known method such as static light scattering 
method, dynamic. Might scattering method, centrifugal 
precipitation, .vmethod and the method; described in Jikkren , 
Kacraku Koza (Lecture of Experimental- Chemist rvl . 4th ed., 
pp, 417-418. Tor example, the ink composition is diluted 
with distilled water to have a particle concentration of 
0.1 to 1 wt%^ then, the particle size can be easily 
measured by a commercially available volume average 
particle size measuring apparatus {for example, Microtrac 
UFA, manufactured by Nikkiso K.K.). The dynamic light 
scattering method utilizing the laser Doppler effect is 
particularly preferred because even a *sma 11 particle size 
can be measured. - \ 

The volume average particle size is an average 
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particle size weighted with the particle volume and it is 
obtained by multiplying the diameter of individual 
pairticles with the volume of the particle and dividing the 
sum total of the obtained values by the total volume of the 
particles in the gathering of particles. The voliame 
average particle size is described in Soichi Muroi^ 
Kbbunshi Latex no Kagaku (Chemistry of Polymer Latex) ^ page 
119,. Kobiinshikankoukai Co., Ltd^ . 

Also> it is revealed that the presence of coarse 
particles greatly affects the printing performance, Mbie 
specifically/ the coarse particle clogs ;the nozzle of head 
or even if the nozzle is not clogged, forms a -soil to. bring 
about failure or twist in the. ejection of ink, whereby the 
printing performance is seriously affected- . In: "order, to 
prevent such -.troubles/ 'it is important to reduce, the number, 
of particles having a particle size of 5 pm or moire to 10 
b.r less and the number of particleis having a particle size 
of 1 jjun or more to 1>000 or less, in 1 \il of ink prepared- 

For reiAoving the coarse particles, a Icnown method 
such as centrifugal . separation or microf iltration can be 
used. The separation step may be performed immediately 
after the emulsion-dispersion or may be performed 
ijtnmediately before filling the ink in an ink cartridge 
after various additives such as getting agent and 
surfactant are added to the emulsified dispersion. 



121 



A mechanically emulsifying apparatus is effective for 
reducing the average particle size and eliminating coarse 
particles - 

As for the eiriulsif ying apparatus, known apparatuses 
such as simple stirrer, impeller stirring system, in-line 
stirring system, mill system (e.g., colloid mill) and 
ultrasonic system can be used, however, a high-pressure 
hc^mogehizer is particularly preferably used. 

The mechanism of the high— pressure homogenizer is 
descriBed in detail iii u^S. Patent 4> 533,254 and JP~A-6- 
47264, Examples of .the commercially available apparatus, 
include Gaulin Homogenizer (manufactured by A. P. V Gaulin 
Inc.), Micrbf luidizer (manufactured by Micrbfluidex Inc.) 
and Altimizer. (produced >by Sugino Machine Ltd.).. 

-The high-pressure homogenizer with a mechanism of 
pulverizing particles in an ultrahigh pressure jet stream 
recently described in D.S. Patent 5^720,551 is particularly 
effective for the emulsion-dispersion of the present 
invention. Examples of the emulsifying apparatus using 
such ultrahigh pressure jet stream include DeBEE2000 
(manufactured by BEE International Ltd.). 

In performing the ^mulsif ication by a high-pressure 
emulsion-dispersing apparatus, the pressure is 50 MPa or 
more,^ preferably i50 MPa or more, more preferably 180 MPa or 
more. 
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A method of using two or more emulsifying apparatuses, 

for example^ by performing the emulsif ication in a stirring 

emulsifier and then passing the emulsified product through 

a high-pressure homogenizer is particularly preferred. 

Also, a method of once performing the emulsion-dispersion 

by such an emulsifying apparatus, adding additive such as 
"I 

wetting agent and surfactant, and then again passing the 

"» 

dispersion through a high-pressure homogenizer before . the 
time of filling the ink into a cartridge is preferred, 

ih the case of containing a low boiling point organic 
solvent in addition to the high boiling point organic 
solvent, the low boiling point solvent is preferably 
.removed in view of stability of the. emulsif ied • product, 
•safety and hygiene.- For removing the low boiling point 
solvent,- various known methods can* beused according to the 
kind of the solvent. Examples of the method include 
Evaporation, vacuum evaporation arid ultrafiltration. The 
removal of the low boiling point organic solvent is 
preferably performed as soon as posaiible iinmediately after 
the emulsif ication. 

In the ink composition for Inkjet recording according 
to the present iriviention, additives such as drying 
inhibitor for preventing clogging due lo drying of ink at 
the ejection port, permeation accelerator for attaining 
more successful permeation of ink into paper, ultraviolet 
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absorbent, antioxidant, viscosity adjusting agent, surface 
tension adjusting agent, dispersant, dispersion stabilizer, 
fungicide^ rust inhibitor and pH adjusting agent, can be 
appropriately selected and used in an appropriate amount. 

The drying inhibitor for use in the present invention 
is preferably a water-soluble organic solvent having a 
viapor pressure lowier than water. Specific examples thereof 
include polyhydric alcohols such as ethylene glycol, 
propyiene glycol^ ^ diethylene glycol, polyethylene glycol, 
thiodigiycol, dithiodiglycol, 2-methyl-l, 3-propanediol^ 
lr2, 6irhexanetriol/ acetylene glycol derivative>. - glycerin 
and trimethylolprdpane;- lower alkyl ethers • of polyhydric 
alcohol, such: as. ethylene glycol monomethyl (or ethyl) ether, 
diethylene - glycol monomethyl for ethyl)- ether' and" 
triethylene ^glycol monoethyl(br butyl) ether^.; heterocyclic 
coiripounds such as 2-pyrrolidohe,: N'-methyi-2-pyrrolidone, 
,1, 3^dimethyl-2-iroida2olidinone and N-ethylmorpholirie; 
suifur-containihg compounds such as sulf olane, 
dimethylsulfbxide and 3-5ulfolene; polyiunctional compounds 
such as diacetone alcohol and diethanolamine; and urea 
derivatives. Among these, polyhydric alcohols such as 
glycerin and diethylene glycol are preferred. The drying 
inhibitors may be used individually or in combination of 
two or more thereof. The drying inhibitor is preferably 
contained in an amount of 10 to 50 wt% in the ink. 
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Examples of the permeation accelerator which can be 
used in the present . invention include alcohols such as 
ethanol, isopropanol, butanol, di (tri) ethylene glycol 
monobutyl ether and 1, 2-hexanediol, soditim laurylsulf ate, 
sodium oleate and lionionic surfactants. A sufficiently 
high effect can be obtained by adding from 10 to 30 wt% of 
the permeation accelerator in the ink. The permeation 
accelerator . is preferably used in an amount of causing no 
bleeding of printed letter or no print through - 

Ekamp)les 6f the ultraviolet absorbent which can be 
used in the present invention .for improving the preserv-r 
ability of image include benzotriazole-base compounds 
described in JP-A-58-185677, . JP-A-61-190537, jp_A-2-.782, 
JP-A-5-l!97075 and- JP-A-9^34-0:57, benzophenone-base compounds 
described in JP-A-4 6-27-a4^ jp-a^5-19.4483 .and U.S. Patent 
3> 214^ 463, cinnamic acid-base compounds described in JP-B- 
48-30492 (the term *'jP-B" as used herein means an "examined 
Japanese patent publication"}^ JP-B-56-21141 and JP-A-10- 
88106, triazine-base compounds described in JP-A-4~298503, 
JP-A-8-53427, JP-A-8-239368; JP-A-lO-182621 and JP-T-8- 
501291 (the term "jp-T" as used herein means a "published 
Japanese translation of a PCT patent application")^ 
compounds described in Research Disclo^sure No. 24239, and 
compounds of absorbing ultraviolet light and emitting 
fluorescent light, so-^called fluorescent brightening agents. 
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represented by stilbene-base compounds and benzoxazole-base 
compounds. 

As the antioxidant which can be used in the present 
invention for improving the preservability of image^ 
various organic or itietal cbmplex discoloration inhibitors 
can be used. Examples of the organic discoloration 
inhibitor include hydroquiriones, alkoxyphenols^ 

dialkbxyphenols, phenols^ anilines, amines, indanes, 
chromaris, alkoxyanilines and heterocyclic compounds • 
Examples of the metal cbmplex include nickel complex and 
zxhc complex. More specifically^ compounds described in 
patents cited in Research Disclosure / Nos. 17643 (Items 
VIX^I to VII-J), 15162, 18716- (page. 650, left column), 
.365^4: • (page- 527),... 307105 (page* 872) : and .15162, .and 
compounds included in formulae of. representative compounds 
and specific exMiples thereof described in JP-A-62-'215272 
(pages 127 to 137) can be used. . 

Exainjples of the fungicide for use in the present 
invention include sodium dehydroacetate, sodium benzoate, 
sodiuin pyridinethione-l-oxide, ethyl p-hydroxybenzoate, 
1, 2-benzisothiazolin-3-one and salts thereof* The 
fungicide is preferably used in an amount of 0.02 to 5.00 
wt% in the ink. 

The fungicide is described in detail in Bokin Bobai 
Zai Jiten . (Dictionary of Microbicide and Fungicide) . 
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compiled by Nippon Bo kin Bobai Gakkai Jiten Henshu linkai. 

Examples of the rust inhibitor include acidic sulfite, 
sodium thiosulfate, airanon thioglycolat©/ diisopropyl-- 
aininonium nitrite, pentaerythritol tetranitrate, 

dicyclohexylaininonium nitrite and benzotriazole. The rust 
inhibitor is preferably used in an amount of 0.02 to 5,00 
wt% in the ink* 

The pH adjusting agent for use - in the present 
invention can be suitably used for adjusting the pH and 
iwiparting dispersion stability* The pH of the ink is 
preferably adjusted to 8 to 11 at 25''C. When th'e-pH is 
l^ss than 8, -. .the solubility of dye decreases to. readily 
cause clogging of .a .nozzle, whereas when it exceeds 11,. -the 
water resistance >is liable to deteriorate. Examples- of ^ the 
pH adjusting agent include . organic bases and- inorgarjic 
alkalis for basic compounds/ and organic acids and 
inorganic acids for acidic compounds i 

Examples of the organic base include triethanolamine, 
diethanolajtiine, N-methyldiethanolamine and dimethylethanol- 
aitline- Exainples of the inorganic alkali include alkali 
metal hydroxides (e.g.^ sodium hydroxider lithitam hydroxide, 
pdtassiiam hydroxide), alkali metal carbonates (e.g., sodium 
carbonate, sodium hydrogencarbonate^ and ammonium. 
Examples of the organic acid include* an acetic acid, a 
propionic acid, a trif luoroacetic acid and an alkylsulfonic 
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acid. Examples of the inorganic acid include hydrochloric 
acid, sulfuric acid and phosphoric acid. 

In the present invention, apart from the betaine 
compound including surfactants, a nonionic, cationic or 
anionic surfactant is used as the surface tension adjusting 
agent. Examples thereof include anionic surfactants such 
as fatty acid salt, alkylsulfuric ester salt, 
alkylbenzenesulfonate, alJcylnaphtbalenesulfonate, 
dialkylsulfosuccinate^ alkylphosphbric ester salt, 
riaphthaleriesulfonic acid formalin condensate and 
polyoxyethylenealkylsulfuric ester salt, and nonionic 
surfactants^ such as polyoxy«thylene • alkyl ether, 
polyoxyethylene alkylaryl ether, polyoxyethylene fatty acid 
este-r, sorbitan fatty acid, ester, polyoxyethylene sorbitan 
fatty acid ester, polyoxyethylene alkylamine, glycerin., 
fatty acid ester and okyethylene oxypropylene block 
copolymer. Also, SURFYNpLS (produced by Air. Products & . 
Chemicals) , . which are an acetylene-base polyoxyethylene 
baclde surfactant, are preferably used. 

The surface tension of the ink for use in the present 
invention is, irrespective of dynamic surface tension or 
static surface tension, preferably from 20 to 50 mN/m, more 
preferably from 20 to 4 0 mN/ra, at 25"C. When the surface 
tension exceeds 50 mN/m, ejection stability and printing 
quality, for example, bleeding due to color mixing or 
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occurrence of feathering, are seriously cjeteriorated, 
whereas when the surface tension of the ink is less than 20 
luN/in^ printing failure may occur due to, for example, 
attachment of ink to the surface at the ejection. 

The ink of the present invention preferably has a 
viscosity; at 25'*C of 1 to 20 mPa-s, more preferably from 2 
to 15 mPa«s, still more preferably from 2 to 10 mPa-s. 
When the viscosity exceeds 20 StiPa-s, the fixing rate of the 
recorded image decreases and the ejection performance also 
decreases, whereas when it is less than I mPa-3, the 
bleeding occurred, in the recorded image to decrease- the 
grade. . . • 

the viscosity can be appropriately adjusted by -the 
amount* of* the - ink solvent added. Examples of the ink 
solveiit include ■ glycerin, .diethylene • glycol, 

triethailolamine, 2~pyrrolidbne, diethylene glycol mbnobutyl 
ether and triethylene glycol monqbutyl ether. 

A viscosity adjusting agent may also be used. 
ExaMples of the viscosity adjusting agent include water- 
soluble polymers such as celluloses and polyvinyl alcohol, 
and npnionic surfactant as. the viscosity adjusting agent is 
described in detail in Nendo Chosei Gijutsu (Viscosity 
Adjusti nQ technology) . Chap. 9, Gijutsu* Joho Kyokai (1999), 
and Inkjet Printer Yo Chemicals (98' Zoho) ^Zairyo no 
Kaihats u Doko'Tenbo Chosa- (Chemicals for Inkjet Printer 
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(Enlarged Edition of 98) -Survey on Tendency Prospect of 
Development of Materials-) r pp. 162-174^ CMC (1997) . 

In preparing the ink of the present invention / in the 
case of a water-soluble ink^ the dye is preferably first 
dissolved in water and thereafter^ various solvents and 
additives are added, dissolved and mixed to provide a 
uniform ink solution. 

For dissolving the dye, various methods such as 
stirring^ ultrasbhic irradiation and shaking can be used. 
Arndhg these^ Stirring is preferred. In performing . the 
stirring, various systems known in this • field can be; used, 
such as flow stirring and stirring utilizing the shearing 
force by means of a \reversal agitator .or a dissolver., also, 
a- stirring method*; utilizing the • shearing, force with the 
bottom surface -of . a container, such as magnetic stirrer^ 
can be advantageously used. 

The recording paper and recording f,ilm as reflective 
medi-a for use in the image recoirding method of the present 
invention are described below. The support which can be 
used for the recording paper or film is produced, for 
example, from a chemical pulp such as LBKP and NBKP, a 
mechanical puljp such as GP, PGW, RMP, TMP, CTMP, CMP and 
CGP, or a waste paper pulp such as DIP, by mixing, if 
desired, conventionally known additive^s such as pigment, 
binder^ sizing agent, fixing agent, cation agent and paper 
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strength increasing agents and then sheeting the mixture by 
using various devices such as Fourdrinier paper machine and 
cylinder paper machine. Other than these supports, 
synthetic paper or plastic film may be used. The thickness 
of the support is preferably from 10 to 250 jim and the 
basis weight is preferably from 10 to 250 g/m^. 

An ink-receliving layer and a backcoat layer may be 
provided on the support as it is to produce an image- 
receiSi^ing material, or after providing a size, press or an 
anchor coat layer by using starch, polyvinyl alcohol or the 
like, an ink-receiving layer and a backcoat layer may be 
provided to produce an imaige-receiving material.- • The 
support may be .further * subjected to a planarizing treatment 
by a calendering device such .as machine .rialender, TG . 
calender and soft calender. • • 

In the present invention, the support is preferably 
paper both surfaces of which are laminated with ^polyolef in 
(for example, polyethylene, polystyrene, polybutene or a 
copolymer thereof) or polyethylene terephthalate, or a 
plastic film. In the polyolefin, a white pigment (for 
example, titanium oxide or zinc oxide) or a tinting dye 
(for example, cobalt blue, ultramiarine or neodymium oxide) 
is preferably added* 

The ink-receiving layer provided on the support 
contains a porous material or an aqueous binder. Also, the 
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ink-receiving layer preferably contains a pigment and the 
pigment is preferably a whfte pigment. Examples of the 
white pigment include inorganic white pigments such as 
calcium carbonate, kaolin, talc, clay, diatomaceous earth, 
synthetic amorphous silica, aluminum silicate, magnesium 
silicate,^ calcium silicate, aluminum hydroxide, alumina, 
lithopone, zeolite, barium sulfate, calcium sulfate, 
titanium dioxide, zinc sulfide and zinc carbonate, and 
organic pigiherits such as styrene-base pigment, acryl-base 
pi^eht, urea resin and melamine resin. . Among these, 
porous inorganic white pigments . are- preferred* .and 
synthetic amorphous- silica and the like having -a large pore 
area, are more preferred. The- synthetic -^aittdrphoas -silica- 
may :ber either a silicic acid anhydride -obtained. by a dry. 
production method or a silicic acid hydrate obtained- by a 
wet production method, but a silicic acid hydrate is 
preferred. The pigments may be uspd in combination of two 
. dir more .thereof . 

Examiples of the aqueous binder contained in the ink- 
ireceiving l^yer include water-soluble polymers such as 
polyvinyl alcohol, silanol-modified polyvinyl alcohol, 
starch, Catlonized starch, casein, gelatin, carboxymethyl 
cellulose, hydroxyethyl cellulose, polyvinylpyrrolidone, 
poiyalkylene oxide and polyalkylene oxi'de derivatives, and 
water-dispersible polymers such as styrehe butadiene latex 
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and acryl emulsion* These aqueous binders may be used 
individually or in cornbination of two or more thereof. 
Among these,. polyvinyl alcohol and silanol-modif ied 
polyvinyl alcohol are preferred in the present invention in 
view of adhesion to the pigment and peeling resistance of 
the ink- receiving layer. 

The ink- receiving layer may contain a mordant, a 
water-proofing agent^ a light fastness enhancer, a 
surfactant, a hardening agent and other additives in 
addition tothe pigment and the aquebus binder. 

The mordant added to the ink-receiving layer is 
preferably immobilized And for this purpose, a polyiner 
mordant is preferably used. . , . 

The polymer ■ mordant is described in JP-A"48-^2&32S-,- 
•JP-^A-54-124726, JP-A-55-22766, JP-rA-55- 
142339> JP-'A"r60--2385.0/ JP-A-60-23851, JP-A-60-23852, JP-A- 
60-23853, JP-A^60-57836, JP-A-6O76O643, JP-A^60-118834 , JP- 
A-^60-122940, jP^A-66-122941, jP-A-6b-122942, JP-A-60--235134, 
jP-^A-l-'16a236 arid U.S. Patents 2,484;430, 2,548,564, 
3,I48,061> 3,309,690, 4,115,124, 4,124,386, 4,193,800, 
4,273,853, 4,282,305 and 4,450,224, An image-receiving 
material containing the polymer mordant described in JP-A- 
1-161236 (pages 212 to 215) is particularly preferred. 
When the polymer mordant described in JP-A-1-161236 is used, 
an image having excellent image quality can be obtained arid 
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at the same time, the light fastness of the image is 
improved. 

The water-proofing agent is effective for obtaining a 
water-resistant image. The water-proofing agent is 
preferably a cationic resin. Examples of the cationic 
resin include polyainidopolyamine epichlorohydrin, 
polyethyleneimine, polyaminesulf one, poly-dimethyldiallyl- 
ammoniiom . chloride, cation polyacrylamide and colloidal 
silica- Among these cationic resiiis, polyamidopolyamine 
epichlorohydrin is preferred. The content of the cationic 
resin is preferably from* 1 to 15 wt%, more preferably from 
3 to 10 wt%, based on the entire solid' content of the ink- 
receiving layer. . • * . 

Examples of the light fastness enhancer . include zinc 
sulfate,, zinc oxide, hindered amine-base antioxidants,- and 
benzotriazole-base ultraviolet absorbents such as benzo- 
phehone. Among these, zinc sulfate is preferred. 

the surf attaint f unctibris as a coating aid, an 
adherence improver, a slipperiness improver or an 
antistatic agent, the surfactant is described- in JP-A-62- 
173463 and JP-A-62-183457 . 

In place of the surfactant, aii organic fluoro 
compound may be used. The organic *fluoro compound is 
preferably hydrophobic. Examples of ^the organic fluoro 
compound include fluorine-containing surfactants, oily 
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fluorine-base compounds (for example, fluorine oil) and 
solid fluorine compound resins (for example, ethylene 
tetraf luorlde resin) • The organic f luoro compound is 
described in JP-^B--57~9053 (columns 8 to 17) , JP-A-Gl-20994 
arid iJP-A-62-135826. 

As ^thef hardening agent, for example^ the materials 
deibcribed in JP-A-1-161236 (page 222) can be used. 

Other examples of the additive added to the ink- 
receiving layer include a pigment dispersant, a thickener, 
a defoamirig agisAt, a dye, a fluorescent brightenihg agent, 
an antiseptic, a pH adjusting agent- .and. a. .matting agent. 
The ink-receiving layer may be composed of one layer ' or two 
layers. 

In the recording paper or film, a backcoat 'layer . may 
also be provided. Examples of the component . which can be 
added to the layer include a white pigment, an aqueous 
binder and othei: components. 

Examples of the whit^ pigment contained in the 
baickcbat layer include inorganic whit^ pigments such as 
precipitated calcium carbonate light, ground calcium 
carbonate, kaolin, talc, calcium sulfate, barium sulfate, 
titanium dioxide, zinc oxide, zinc sulfide, zinc carbonate, 
satin white, aluminum silicate, diatomaceous earth, calcium 
silicate, magnesium silicate, synthetic amorphous silica, 
colloidal silica, colloidal alumina, pseudo-boehmite. 
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aluminum hydroxide, alumina, lithopone^ zeolite, hydrated 
halloysite, magnesium carbonate and magnesium hydroxide, 
and organic pigments such as styrene-base plastic pigment, 
acryl-base plastic pigment, polyethylene, microcapsule, 
urea res in and melamine resin. 

Examples of the aqueous binder contained in the 
backcoat layer include water-soluble polymers such as 
styrehe/maleate copolymisr , styrene/acrylate copolymer, 
polyvinyl alcbhoir silahol-modified polyvinyl alcohol, 
starch, cationized starch, casein, gelatin, carboxyiiiethyl 
cellulose, hydroxyethyl -cellulose and polyvinylpyrrolidoney 
and water-dispersible. polymers such as styrene butadiene 
latex and acryl emulsion. Other components contained in. 
the backcoal: layer ' include a defoamirig agent, a foam- 
inhibitor, a dye,- - a .fluorescent brightening agent:, an 
antiseptic and a water-proofing agent. 

In a constituent layer (including the back layer) of 
the Inkjet recording paper or film, a polymer fine particle 
diispe^sibn may be added. The polymer fine particle 

dispersion is used for the purpose of improving film 

■ 

properties, for example, stabilizing dimension and 
preventing curling, adhesion or film cracking. The polymer 
fine particle dispersion is described* in JP^A-62-245258, 
JP-A-62-1316648 and JP'-A-62-110066. When a polymer fine 
particle dispersion having a low glass transition 
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temperature (40°C or less) is added to a layer containing a 
mordant, the layer can be prevented from cracking or 
curling. The curling can be prevented also by adding a 
polymer fine particle dispersion having a high glass 
transition temperature to the back layer* 

The^ present invention is not limited in the Inkjet 
recording system and is used for a known system, for 
example, an electric charge cbntrollihg system of ejecting 
the ink by utilizing the electrostatic induction force, a 
drdp-rbh-demartd system (pressure pulse system) utilizing an 
oscillation . pressure of • a . piezoelectric element, an 
acoustic ink jet system wherein electric signals are 
converted into • acoustic - beams, and the ink is irradiated 
-with the beam to eject , the ink using* th^e- radiation pressure, 
and a thermal .Inkjet (bubble jet) system of heating the ink 
to form a bubble and ejecting . the ink utilizing the 
generated pressure. 

The inkjet recording system includes a system of 
ejecting a large number of smali-voluitie ink droplets of a 
so-called photo ink having a low concentration, a system of 
improving the image quality by using a plurality of inks 
having substantially the same color hue but differing in 
the concentration, and a system using a colorless 
transparent ink. . ^ 

The ink jet recording ink of the present invention can 
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also be used for the uses other than the ink jet recording^ 
such as a material for display image, an image-forming 
material for interior decoration and an image-forming 
material for outdoor decoration. 

Examples of the material for display image include 
various materials such as poster, wall paper, ornamental 
articles (e.g., decorative figurine, doll), handbill for 
commercial advertisement, wrapping paper, wrapping material, 
paper bag, vinyl bag, package material, billboard, image 
drawn on or attached to the side surface of transportation 
facilities.' (e.g., automobile, bus, electric car), and 
clothing i with a .logo. In the case of using the dye of the 
present invehtiori as a material for fo2?ming a display image, 
the - image includes not. only a narrow definition *.o£ image 
but also all patterns by an ink, which can be.- acknowledged . 
by a human, such as abstract design, letter and geometrical 
pattern - 

Examples of the material for interior decoration 

include various materials such as wall paper, ornamental 

articles (e.g., decorative figurine, doll),, luminaire 

\* - ■ 

member, furniture member and design member of floor or 

ceiling. In the case of using the ink of the present 

invention as a material for forming an image, the image 

includes not ohly a narrow definition of image but also all 

patterns by an ink, which can be acknowledged by a human, 
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such ds abstract design, letter and geometrical pattern. 

Examples of the material for outdoor decoration 
include various materials such as wall material^ roofing 
material^ billboard, gardening material, outdoor ornamental 
articles (e.g., decorative figurine, doll) and outdoor 
luminaire member. In the case of using the ink of the 
present invention as a material . for forming, an image, the 
image includes not only a narrow definition of image but 
also all patterns by an ink, which can be acknowledged by a 
huiiiari, such a^ abstract design, letter and geometrical, 
pattern- . 

In- these • uses/, examples of the medium on which the- 
pattern is formed include various materials such- as paper «^ . 
fiber, cloth (including : -non-woven fabric), plastic, metal" 
and ceramic* Examples of the dyeing form include - 
mordanting, printing and fixing of a dye in the form of a 
reactive dye having introduced thereinto a reactive group - 
Ambn^ these, preferred is dyeing by mordanting. 

The present invention is described below by referring 
to Examples, however, the present invention is not limited 
thereto - 

EXAMPLES 

Deionized water was added to the following components 
to make 1 liter and the mixture was ^stirred for 1 hour 
under heating at 30 to ^O^'C and then filtered under reduced 
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pressure through a microfilter having an average pore size 
of 0.25 |im to prepare Light Magenta Ink Solution LM-101. 
[Formulation of Light Magenta Ink LM-101] 
(Solid Contents) 



Magenta Dye (Mb-l) 
Urea 

(Liquid Components) 

Diethylenig glycol (DEG) 
Glycerin (GR) 



7.5 g/liter 
37 g/liter 

140 g/liter 
120 g/liter 



Triethylene glycol monobutyl ether (TGB) 120 g/liter 



Triethanolaihine (TEA) 
Surfynol STG (SW) 



6-9 g/liter 
10 g/liter 



hlsor ' Magenta Ink Solution M -101 was prepared by 
increasing Magenta Dye (MD-1) to 23g in the formulation 
above. 

[Formulation of Magenta Ink M-101] 

(Solid Contents) . . 



Magenta Dye (MD--1) 
Urea 

(Liquid Components) 



23 g/liter 
37 g/liter 



methylene glycol (DEG) 140 g/liter 

Glycerin (GR) 120 g/liter 

Triethylene glycol monobutyl ether "(TGB) 120 g/liter 
Triethanolamine (TEA) ^ 6^9 g/liter 

Surfynol STG (SW) 10 g/nter 
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Inks LM-102 to LM-108 and Inks M-102 to M-108 each 
having the same composition as LM-101 or M-lOl except for 
adding the additive shown below to LM-101 or M-101 were 
produced • 



• 


Surfactant 


LM-101, M-101 
(Comparative Example) 




LM-102, M-102 
(Comparative Example) 


3 g/liter of Xi-14 to both LM-102 and 
M-102 


LM-103, M-103 
(Comparative Example) 


4 g/liter of X2-3 to both LM-IOS and 
M-103 


LM-104^ M-104 
(Comparative Example) 


3 g/liter of X2t6 to. both LM-104 and 
M-104 


LM-105, M-105 
(Invention) 


3 g/liter of xa-14 to LM-105 and 
10 g/liter of Xl-14 to M-105 


LM-106, M-106 
(Iiiyentipn). 


4 g/liter of X2-3 to LM-106 and • 
10 g/liter of Xl-14 to Mj-lpe. 


LM-ip7, M-107 • 
(inveritipn) 


3 g/liter of X2-6 to LM-IO? and 
10 g/liter of X2~6 . to M.-107 


LM-ip8, M-lbS 
(Invention) . , 


3 g/liter of Xl-14 to LM-108 and 
1() g/liter of X2-3 to M-108 
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MD"1: 




The magenta ■ Inks and light: magenta inks each was; 
filled in a magenta ink- light magenta ink cartridge of. 
Inkjet Printer PM-950C - manufactured- by Seiko Epson* 
Cdrj^oration and by using the inks of . PM-950C for other - 
colors, a magenta monochromatic image was printed. The 
image was printed on Inkjet Photo Gloss Paper "GASAl" 
produced by Fuji Photo Film Co., Ltd, used as the image- 
receiving sh^et, and the image quality and fastness of 
image under high humidity conditions were evaluated. 
(Evaluation Test) 

[Evaluation of Image Durability (Bleeding) under High 
Humidity Conditions] 

In the evaluation of bleeding of the image under high 
humidity conditions, a printing pattern was prepared- The 

142 



printing pattern included four magenta square patterns each 
having a size of 3 cm x 3 cm, arrayed to form a two-row and 
two-column table shape with a 1-mm white clearance between 
the respective square patterns. After the printing pattern 
was stored under conditions of 25^C and 90% RH for 72 hours, 
bleeding of the magenta dye in the white clearance was 
observed. The increase of magenta density in the white 
clearance to the magenta density immediately after printing 
was measured by a magenta filter of Status A, and a case 
wher^ein the increase of magenta density was less than 0.01 
was rated A, a case wherein the increase of magenta density 
was from 0.01 to 0.05 was rated B, arid a case wherein the 
increase of magenta density was. more than 0-Q5 was . ratied C. 
• The results obtained are shown in the "table below » • 





M Bleeding 


Genuine ink of EPSON (PM-^950C) 


B 


LM-101/ M-lOl (Comparative Example) 


C 


L^a-102r M~102 (Comparative Example) 


B 


LM^l03, M--103 (Cbmparative Exaitiple) 


B 


IiM-104, M-104 (Comparative Example) 


B 


IiM-105> M-IOS (Invention) 


A 


LM-106, M-106 (Invention) 


A 


LM-107, M-107 (Invention) 


A 


lM-108, M-108 (Invention) 


A 



As seen from the results in the table above,, the 
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systems using the ink set of the presesnt invention are 
superior to Comparative Examples in view of M bleeding. 

Even when the ink and ink set of the present 
invention were used in a thermal Inkjet printer, the same 
preferable effect was obtained. 

According to the present invention, an Inkjet ink set 

n 

arid an Inkjet recording method, which are ensured with 
excellent image durability under high hvunidity conditions, 
can be obtained. 

The entire disclosure of each and every foreign 
patent application from which the benefit • of - foreign 
priority has been claimed in the present application is 
incorporated- herein by . reference, as if. fully = set* forth 
herein. . • ■ • 

While the invention has been described: in detail and 
with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various - changes and 
iaodifications can be made therein without departing from 
the spirit and scope thereof . 
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